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INTRODUCTION 


Recent  evidence  suggests  that  the  rise  in  breast  cancer  rates  reflect  increased  exposure  to  and 
bioaccumulation  of  environmental  pollutants,  including  polycyclic  aromatic  hydrocarbons  such 
as  7,12-dimethylbenz(a)anthracene  (DMBA).  DMBA  treatment  of  female  Sprague-Dawley  rats 
results  in  induction  of  mammary  gland  (breast)  tumors.  Mammary  gland  tumors,  which  develop 
by  about  15  weeks  after  a  single  dose  of  DMBA,  are  generally  well-differentiated  and  retain  their 
hormonal  responsiveness.  In  this  application,  we  proposed  to  elucidate  the  roles  of  the  receptors 
for  the  aromatic  hydrocarbons,  estrogen  and  prolactin  hormones  and  the  c-myc  oncogene  in  a 
systematic,  integrated  fashion.  Studies  were  proposed  to  evaluate  changes  in  the  expression  and 
function  of  the  aromatic  hydrocarbon  (Ah)  and  hormone  receptors  in  normal  and  malignant 
tissue,  and  the  regulation  of  any  altered  phenotype.  We  also  proposed  to  monitor  for  potential 
dys-regulated  expression  of  the  c-myc  oncogene,  and  elucidate  the  mechanisms  mediating  these 
changes.  Multiple  lines  of  evidence,  including  studies  in  transgenic  mice,  have  demonstrated  that 
the  c-myc  oncogene  plays  an  important  role  in  regulating  changes  that  lead  to  neoplastic 
transformation  of  mammary  epithelial  cells.  In  summary,  information  on  the  nature  of  genetic 
alterations,  and  changes  in  cellular  and  molecular  function  involved  in  tumor  progression  should 
be  forthcoming  from  these  studies.  Furthermore,  identification  of  exogenous  risk  factors  and  key 
regulatory  components  may  provide  new  targets  for  prevention  and  treatment  of  breast  cancer. 
Progress  has  been  made  on  all  of  the  specific  aims.  In  this  report,  an  introduction  is  given  first  to 
set  the  stage  with  regards  to  the  current  understanding  of  the  rat  model  as  well  of  the  role  of  the 
Ah  and  estrogen  receptors  and  of  the  expression  of  the  c-myc  oncogene  in  neoplastic 
transformation. 

Mammary  Gland  Tumorigenesis  in  Rats 

It  has  been  estimated  that  known  risk  factors  such  as  genetics,  diet,  and  endogenous 
estrogen  levels  account  for  approximately  30%  of  human  breast  cancer  cases  (1,2).  However, 
changes  in  these  factors  appear  unable  to  explain  the  apparent  recent  increases  in  breast  cancer 
mortality  and  incidence.  It  has  been  suggested  that  some  of  the  rise  in  breast  cancer  rates  reflects 
increased  exposure  to  and  bioaccumulation  of  lipophilic  environmental  pollutants  such  as 
polycyclic  aromatic  hydrocarbons  (PAH)  like  DMBA  and  related  organochlorines  (1,2).  This 
conclusion  has  been  drawn  in  part  from  epidemiologic  studies  associating  elevated  breast  cancer 
rates  with  PAH  exposure  (3-6)  and  from  studies  demonstrating  increased  levels  of  aromatic 
hydrocarbons  in  breast  carcinomas  (7,8),  and  in  sera  from  breast  cancer  patients  (5).  Given  the 
potentially  critical  role  that  PAH  may  play  in  human  breast  cancer,  the  use  of  the  DMB A/rat 
mammary  tumor  model  to  study  tumorigenesis  should  be  viewed  as  particularly  relevant  to 
human  disease. 

Rat  models  for  breast  cancer  are  widely  used.  The  DMBA  single  dose  model  has 
permitted  elucidation  of  factors  that  act  at  initiation  of  neoplasia  in  the  gland  and  at  the 
subsequent  steps  on  tumor  development.  Review  of  papers  from  our  own  and  other  laboratories 
shows  good  agreement  on  the  characteristics  of  tumorigenesis  induced  in  female 
Sprague-Dawley  (S-D)  rats  by  DMBA  with  only  the  variations  that  can  be  expected  on  the  basis 
of  biological  variability  or  differences  in  protocols  (9-21).  Under  the  auspices  of  the  International 
Life  Sciences  Institute  (ILSI),  Dr.  Rogers  and  4  other  experts  on  the  DMBA  model  recently  made 
a  comprehensive  review  and  evaluation  of  the  model  and  of  tumors  induced  (16).  The  mammary 
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gland  tumors  induced  in  rats  comprise  a  spectrum  of  morphology  from  benign,  typical 
fibroadenomas  and  adenomas  to  papillomas  with  hyperplastic,  atypical  or  dysplastic  epithelium 
and  significant  stromal  and  myoepithelial  components,  to  tumors  that  are  architecturally  and 
cytologically  malignant  and  invade  adjacent  normal  tissue.  Metastases  from  even  the  most 
anaplastic  tumors  are  rare  (16). 

Aromatic  Hydrocarbon  Receptor-Dependent  Tumorigenesis 

The  most  proximal  event  in  PAH  tumorigenesis  is  the  binding  of  environmental 
chemicals  such  as  DMBA,  benzo[fl]pyrene,  2,3,7,8-tetrachlorodibenzo-p-dioxin  (TCDD),  and 
polychlorinated  biphenyls  (PCBs)  to  a  cytosolic  aromatic  hydrocarbon  receptor  (AhR)  (22-24). 
Therefore,  rather  than  scrutinize  the  toxicology  of  a  myriad  of  carcinogenic  chemicals  (e.g.  there 
are  over  200  possible  PCB  isomers  and  congeners)  it  is  prudent  to  focus  on  a  common,  critical 
element  in  the  transformation  pathway,  AhR  activation.  Molecular  analysis  of  AhR  structure  and 
function  has  only  recently  been  facilitated  by  the  cloning  of  the  murine  AhR  gene  (22,23)  and  the 
gene  coding  for  a  requisite  accessory  molecule  called  "Arnt"  (25).  The  AhR  and  Arnt  are  highly 
conserved  throughout  evolution  (24-26). 

Like  most  other  members  of  a  family  of  DNA-binding  protein  receptors  (e.g.  the 
estrogen,  progesterone,  and  glucocorticoid  receptors),  unbound  AhR  is  associated  with  a  heat 
shock  protein  which  may  repress  receptor  nuclear  translocation  (27).  Upon  binding  with  PAH, 
hsp90  dissociates  and  the  receptor  complexes  with  an  accessory  molecule  "Arnt,"  the  "aromatic 
hydrocarbon  nuclear  translocating"  factor  (24).  Formation  of  this  heterodimer  appears  to  be 
mediated  by  helix-loop-helix  motifs  present  on  the  AhR  and  on  Arnt  (22,24).  Arnt-dependent 
AhR  activation  results  in  receptor  binding  to  specific  Ah  response  elements  located  within  an 
enhancer  element  (28).  AhR  binding  to  these  core  recognition  sequences  induces  transcription  of 
a  battery  of  genes  which  code  for  enzymes  involved  in  PAH  metabolism  (29,30).  A  hallmark  of 
this  transcriptional  activity  is  the  induction  of  cytochrome  P-450IA1  mRNA  synthesis  and  P-450 
enzyme  activity  (29-33).  Oxidation  of  PAH  by  P-450  and  subsequent  metabolism  by  P-450- 
dependent  "phase  11"  enzymes  (e.g.  UDP  glucuronyltransferase,  NAD[P]H:menadione 
oxidoreductase,  aldehyde  dehydrogenase,  and  glutathione  transferase)  result  in  the  production  of 
reactive  oxygen  intermediates  (e.g.  diol-epoxides)  which  form  DNA  adducts,  induce  DNA 
damage,  and  ultimately  elicit  cell  transformation.  The  role  of  pro-oxidant  production  and  DNA- 
adduct  formation  in  human  and  rat  mammary  neoplasias  following  DMBA  exposure  has  been 
well  documented  (1,11,34,35).  The  extent  to  which  this  pathway  is  activated,  as  measured  by  P- 
450IA1  levels,  has  been  correlated  with  human  cancer  risk  (36-39). 

AhR  activity  may  be  particularly  relevant  to  breast  cancer  given  the  documented  "cross¬ 
talk"  between  AhR-  and  ER-dependent  cell  activation  pathways.  AhR  ligands  such  as  TCDD, 
PCBs,  dibenzo-p-dioxins  (PCDDs)  and  dibenzofurans  (PCDFs)  regulate  ER  (40-47)  or  prolactin 
receptor  (48)  levels.  These  regulatory  activities  are  AhR-dependent  and  are  frequently  manifest 
in  human  breast  cancer  cell  lines.  Interestingly,  trichlorodibenzofuran,  an  AhR  ligand,  induces  a 
time-  and  dose-dependent  increase  in  cytosolic  and  nuclear  ER  and  progesterone  receptor  levels 
despite  its  failure  to  directly  bind  either  the  ER  or  the  PR  (49).  Thus,  the  potential  role  of 
aromatic  hydrocarbons  as  "xenoestrogens"  may  in  part  reflect  indirect  activation  of  the  ER 
through  the  AhR.  Communication  in  the  opposite  direction,  from  the  ER-dependent  to  the  AhR- 
dependent  pathway,  has  also  been  documented  (41,50-52).  That  is,  activation  of  the  ER  pathway 
increases  activity  of  the  AhR  pathway. 
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AhR  ligands  also  appear  to  promote  transformation  by  activating  intracellular  factors  and 
proto-oncogenes.  For  example,  PAH  exposure  in  vitro  or  in  vivo  results  in  amplification  of  the  c- 
erb-2,  c-myc,  c-fos,  c-jun  and  Ha-ras  proto-oncogenes  (92-95).  The  extent  to  which  and  the 
mechanisms  by  which  the  AhR  mediates  these  activities  are  unclear.  However,  Dr.  Sherr’s 
laboratory  has  recently  generated  data  demonstrating  NF-kB  activation  in  vitro  following  AhR 
binding.  More  importantly.  Dr.  Sonenshein’s  laboratory  has  demonstrated  NF-kB  activation  in 
PAH-induced  mammary  tumors  (see  below).  Collectively  the  data  suggest  that  binding  of  the 
AhR  by  ligands  induces  a  network  of  interactions  involving  the  AhR,  hormone  receptors, 
transcription  factors  like  NF-kB,  and  the  oncogenes,  such  as  c-myc.  Therefore,  we  have  taken  an 
integrated  approach  toward  analyzing  regulation  of  these  biomarkers  during  breast  cancer 
development. 

Role  of  Estrogen  Receptors  in  Mammary  Gland  Cancer 

It  is  well  established  that  normal  growth  and  differentiation  of  the  mammary  gland  is 
dependent  on  estrogens  and  prolactin  (15,16,53,54).  Estrogens  have  been  implicated  in  the 
etiology  and  development  of  human  breast  cancer  (55-57).  Growth  of  human  breast  cancer  is 
often  estrogen-responsive,  and  the  presence  of  estrogen  receptor  (ER)  in  human  breast  tumors 
forms  the  basis  for  the  use  of  antiestrogens  for  breast  cancer  prevention  and  treatment  (58). 
Currently,  ER  is  used  as  a  prognostic  factor  in  management  of  breast  cancer  patients. 

The  development  of  the  hormone  responsive,  DMBA-induced,  mammary  tumor  model 
has  contributed  significantly  to  our  understanding  of  the  role  of  estrogens  in  breast  cancer  (59). 
While  administration  of  estrogens  to  ovariectomized  animals  stimulates  tumor  growth  and 
development,  ovariectomy  or  treatment  with  antiestrogens  causes  rapid  regression  of  established 
tumors  and  inhibits  development  of  new  tumors  in  response  to  DMBA  (56,57).  It  is  important  to 
note  that  ovarian  and  other  hormones  of  pregnancy  have  a  protective  effect  against  DMBA- 
induced  carcinogenesis.  This  protective  effect  is  attributed  to  hormone-induced  differentiation, 
which  eliminates  the  target  cell  for  DMBA  or  decreases  the  cellular  susceptibility  to 
tumorigenesis  (15). 

Approximately  one  third  of  all  human  breast  cancer  patients  respond  to  some  form  of 
hormone  therapy.  DMBA-induced  tumors  express  ER,  progesterone  receptor  (PR)  and  prolactin 
receptors  (57,58,60,61).  The  hormone  responsiveness  of  DMBA-induced  tumors  provides  a 
model  for  investigation  of  the  role  of  hormones  contributing  to  tumorigenesis. 

Estrogens  regulate  cell  growth  and  function  by  modulating  gene  expression  through 
binding  of  the  activated  hormone-receptor  complex  to  its  responsive  elements  (ERE).  Functional 
studies  have  demonstrated  that  ER  consists  of  several  functional  domains  (62,63).  The  N- 
terminal  region  (region  A/B)  contains  a  transactivation  domain  and  is  thought  to  be  important  for 
gene  and  cell  specificity  (62,63).  The  DNA  binding  domain  is  essential  for  ER  recognition  and 
specific  binding  to  the  ERE.  The  DNA-binding  domain  is  also  involved  in  nuclear  translocation, 
dimerization  and  transactivation  (62).  Deletion  of  the  DNA  binding  region  or  mutations  in  the 
dimerization  domain  or  the  transactivation  domains  eliminate  ER  function  (63).  Mutations  in  the 
hormone  binding  domain  reduce  ER  function  or  result  in  a  constitutively  active  receptor  even  in 
the  absence  of  hormone.  These  mutations  have  been  described  in  several  human  breast  cancers 
(64). 

It  is  unknown  whether  exposure  of  mammary  gland  cells  to  PAH  produce  structural  or 
functional  changes  in  the  estrogen  and  progesterone  receptors.  It  would  be  important  to 
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determine  if  DMBA-induced  tumors  express  altered  estrogen  receptors  which  may  contribute  to 
the  process  of  carcinogenesis.  Given  the  role  of  estrogens  in  the  development  of  mammary  gland 
carcinogenesis,  any  changes  in  ER  receptor  levels,  structural  integrity  or  function,  in  response  to 
DMB  A,  may  provide  relevant  information  to  the  role  of  these  receptors  in  breast  cancer. 

The  c-Myc  Oncogene 

The  c-myc  oncogene,  the  cellular  homologue  of  the  transforming  gene  of  the  avian 
myelocytomatosis  virus,  has  been  implicated  in  control  of  cell  proliferation,  neoplastic 
transformation,  and  more  recently  in  apoptosis  or  programmed  cell  death.  The  c-myc  gene 
encodes  two  phosphoproteins,  initiated  at  independent  translational  start  sites,  that  localize  to  the 
nucleus  (67,68).  These  normal  cellular  proteins  are  believed  to  function  as  transcription 
activators.  They  contain  a  region  rich  in  basic  amino  acids  (basic  region),  a  helix-loop  helix 
(HLH)  and  a  leucine  zipper  (LZ)  domain  at  the  carboxy  terminus  (69).  They  bind  a  specific 
sequence  of  DNA:  CACGTG  (70,71).  A  Myc  binding  partner,  called  Max,  interacts  with  Myc 
(72);  the  heterodimer  binds  and  transactivates  this  DNA  sequence  more  efficiently  than 
homodimers  of  Myc  (70,73).  Evidence  from  many  laboratories,  including  our  own,  has 
demonstrated  that  c-myc  plays  a  key  role  in  control  of  cell  proliferation,  as  well  as  neoplastic 
transformation  (rev.  in  74).  In  one  of  the  first  examinations  of  the  cell  cycle  expression  of  c-myc, 
we  demonstrated  that  c-myc  mRNA  levels  are  low  in  normal  cells  in  quiescence  and  increase 
early  during  the  GO  to  G1  transition  (75).  This  induction  of  c-myc  expression  is  required  for  cells 
to  enter  S  phase.  Cycling  cells  maintain  constant  levels  of  c-myc  expression  (76). 

Altered  expression  of  c-myc  is  a  hallmark  of  transformed  cells  (rev.  in  77).  Several  types 
of  genetic  alterations  of  c-myc  have  been  noted  within  tumors,  including  point  mutations  within 
exons  1  and  2,  gene  amplification,  gene  rearrangements,  and  retroviral  insertions  (68,74,77,78). 
As  we  first  demonstrated  several  years  ago,  fibroblasts  transformed  by  DMB  A  display 
overexpression  of  c-myc  RNA,  even  when  quiescent  (75).  This  misregulation  of  c-myc 
expression  occurred  in  the  absence  of  gene  rearrangement  or  amplification  (75).  Work  from 
many  laboratories,  including  our  own  (79-81),  has  elucidated  two  major  sites  of  regulation  of  c- 
myc  RNA  expression,  gene  transcription  and  mRNA  stability.  Changes  in  the  rate  of  c-myc  gene 
transcription  are  responsible  for  many  of  the  increases  and  decreases  in  mRNA  expression 
(79,80). 

The  role  of  aberrant  c-myc  expression  in  neoplastic  transformation  was  confirmed  when 
transgenic  mice  bearing  the  normal  and  variant  forms  of  the  c-myc  gene  under  the  control  of  an 
immunoglobulin  enhancer  were  found  to  develop  B  cell  tumors  (82).  Since  the  tumors  were  of 
monoclonal  origin,  the  now  generally  accepted  model  was  proposed  that  overexpression  of  c-myc 
is  an  early  event  and  that  subsequent  activation  of  additional  oncogenes  is  involved  in  tumor 
formation.  Mammary  tumors  are  similarly  characterized  by  overexpression  of  c-myc.  As  high  as 
80%  of  the  human  breast  cancers  in  some  studies  were  found  to  overexpress  c-myc  at  the  RNA  or 
protein  level  (83-86).  For  many  of  these  tumors,  c-myc  genes  were  present  in  large  copy  numbers 
indicating  amplification.  In  others,  c-myc  genes  were  detected  as  single  copies  (84),  indicating 
that  the  overexpression  of  c-myc  was  due  to  altered  regulation.  A  direct  role  of  c-myc  in 
transformation  of  mammary  cells  has  been  demonstrated.  Transgenic  mice  carrying  c-myc  genes 
under  the  control  of  promoters  expressed  in  mammary  cells,  either  the  mammary  tumor  virus 
(MTV)  (87)  or  the  whey  acidic  acid  (WAP)  promoter  (88),  develop  mammary  tumors 
exclusively. 
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BODY  AND  CONCLUSIONS 


The  finding/or  progress  relevant  to  each  Specific  Aim  is  detailed  in  the  section  after  the  aim. 
Figures  and  Tables  have  been  included  at  the  end  of  the  text. 

SPECIFIC  AIM  1 

Using  the  rodent  model  of  DMB  A-induced  mammary  tumorigenesis  to  investigate  the 
pathogenesis  of  breast  cancer:  We  will  determine  the  effects  of  DMBA  on  the  temporal 
relationships  between  DNA  synthesis  and  expression  of  the  aromatic  hydrocarbon,  estrogen  and 
prolactin  receptors,  and  the  c-myc  oncogene  at  the  RNA  and  protein  levels.  To  assess  RNA 
expression,  isolated  RNA  preparations  will  be  characterized  using  Northern  blot  or  RT-PCR 
analysis.  Furthermore,  in  situ  hybridization  will  be  performed  to  assess  expression  in  specific 
cells.  Marker  protein  levels  will  be  evaluated  using  immunohistochemistry.  In  addition,  AhR  will 
be  monitored  by  AhR-DNA  binding  and  P-450  enzyme  levels  and  ER  function  via  progesterone 
receptor  levels. 

PROGRESS: 

Immunohistochemistry 

In  order  to  perform  the  immunohistochemical  analysis  of  these  proteins,  we  developed 
procedures  for  their  detection.  Progress  in  this  area  is  summarized  below: 

Normal  mammary  glands  and  mammary  gland  tumors,  as  well  as  uteri  and  livers  in  some 
cases,  were  collected  from  540  rats  studied  in  separately  supported,  long-term  carcinogenesis 
studies,  one  of  which  included  rats  kiUed  at  early  periods  (6  hours  to  3  weeks)  after  DMBA 
administration. 

These  tissues  were  used  to: 

1)  develop  immunohistochemical  methods  for  demonstration  of  estrogen  receptor  (ER), 
aromatic  hydrocarbon  receptor  (AhR),  proliferating  cell  nuclear  antigen  (PCNA)  and  NF-kB 
subunit  p65  in  formalin-fixed,  paraffin-embedded  sections. 

2)  develop  an  image  analysis  program  to  study  the  ER  and  PCNA  staining  in  a 
semiquantitive  manner  in  normal  and  neoplastic  glands. 

3)  develop  biochemical  and  molecular  techniques  to  study  the  mRNA  species  for  the 
estrogen  and  aromatic  hydrocarbon  receptors  and  for  c-myc  oncogene  using  RT-PCR  and  in  situ 
hybridization. 

Livers  from  normal  mice,  studied  in  a  separately  supported  experiment,  and  cell  lines  from 
mouse  hepatocellular  carcinomas  carried  in  Dr.  Sherr’s  laboratory  were  used  to  develop  an 
immunohistochemical  method  to  stain  the  AhR  that  was  subsequently  applied  to  the  rat  tissue. 

The  rats  used  for  these  studies  are  from  three  carcinogenesis  studies.  They  are  female, 
Sprague-Dawley  rats  (Charles  River  Laboratories,  Wilmington,  MA)  fed  from  weaning  the 
AIN76-A  diet  and  housed  individually  in  environmentally  controlled  quarters.  They  were  given 
a  single  intragastric  dose  of  DMBA,  25  mg/kg  (Expt  1)  or  15  mg/kg  (Expts  2  and  3),  at  55  days 
of  age.  They  were  weighed  and  palpated  for  tumor  weekly  and  killed  by  C02  inhalation  16-18 
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weeks  after  DMBA  exposure.  (A  few  rats  were  killed  at  10-15  weeks  in  each  experiment  because 
they  bore  large  or  ulcerated  tumors). 

At  necropsy,  all  tumors  and  normal  mammary  glands  were  dissected  rapidly.  Tumors 
were  weighed  and  sectioned  rapidly  for: 

1)  immediate  freezing  in  dry  ice  for  biochemical  and  molecular  studies. 

2)  fixation  and  processing  for  histology  and  immunohistochemistry. 

Normal  glands  were  not  weighed  but  were  frozen  or  fixed  as  above. 

All  tumors  that  exceeded  0.3g  in  weight  were  divided.  One  section  was  fixed  in  10% 
neutral  buffered  formalin  (NBF)  (Expt  1)  or  paraformaldehyde  (Expts  2  and  3)  for  histologic  and 
immunohistochemical  analysis;  one  section  was  frozen  in  dry  ice  for  biochemical  analysis.  The 
fixed  tissues  subsequently  underwent  alcoholic  dehydration  and  a  paraffin  infiltration  process 
and  then  were  embedded  in  paraffin.  Normal  glands  were  prepared  in  the  same  way.  The 
sections  were  mounted  on  3-aminoproplytriethoxysilane  (Silane)  coated  slides.  The  following 
stains  are  being  performed  on  consecutive  three  micron  sections  taken  from  each  block. 

Hematoxylin  &  Eosin  (H&E):  Each  slide  was  stained  as  a  routine  H&E. 

Feulgen  Staining:  This  stain  is  used  to  evaluate  DNA  content  of  cells.  The  RIAS  Feulgen 
Biological  Stain  Kit  for  DNA  Evaluation  from  Roche  Image  Analysis  Systems  was  used.  The 
procedure  has  been  outlined  in  the  progress  report  for  year  1  of  this  grant. 

Estrogen  Receptor  (ER)  Staining:  Dako’s  ER  clone  1D5  is  a  mouse  monoclonal  antibody  used  to 
detect  estrogen  receptor  in  the  cell,  using  procedures  outlined  in  the  progress  report  for  year  1  of 
this  grant. 

Proliferating  Cell  Nuclear  Antigen  (PCNA)  Staining:  BioGenex’s  PCNA  clone  19A.2  is  used  to 
stain  cells  which  are  actively  proliferating.  It  recognizes  cells  in  all  stages,  except  for  GO.  The 
procedure  used  was  outlined  in  the  progress  report  for  year  1  of  this  grant 
Aromatic  Hydrocarbon  Receptor  (AhR)  Staining:  A  polyclonal  rabbit  antibody  to  the  mouse 
AhR,  obtained  by  Dr.  Sherr  from  Dr.  Richard  Pollenz,  has  been  shown  to  cross-react  with  rat 
AhR  in  western  blots  and  to  detect  murine  AhR  by  immunohistochemistry.  NF-kB  p65  staining: 
Santa  Cruz  Biotechnology  rabbit  polyclonal  antibody. 

Results 


The  histology  and  immunohistochemical  (IHC)  results  are  being  evaluated  and  the  results  entered 
into  a  central  file  that  will,  ultimately,  contain  all  the  morphological,  biochemical  and  molecular 
data  collected  by  all  the  participating  laboratories  for  each  tumor,  gland  and  animal.  The 
partially  completed  morphological  data  are  given  below. 

Immunohistochemical  Studies  of  AhR  and  NF-kB  in  the  Mammary  Gland  and  7,12- 
dimethylbenz(a)anthracene-induced  Tumors; 

AhR  staining  in  tissues  from  Expts.  1  and  2  combined  are  shown  in  Table  1.  Very  few  epithelial 
cells  in  either  normal  glands  or  tumors  show  nuclear  staining  for  the  AhR;  there  is  cytoplasmic 
staining  and  staining  of  infiltrating  mononuclear  cells.  Some  nuclear  staining  was  present  in 
virtually  all  the  tumors  examined,  regardless  of  their  histology.  Nuclear  staining  was  detected  in 
only  a  few  histologically  normal  glands  from  control  rats  or  DMBA-treated  rats. 
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If  a  gland  did  contain  cells  with  positive  nuclei,  the  number  of  positive  cells  expressed  per 
10,000  cells  was  similar  to  the  number  of  positive  cells  in  the  tumors. 

For  NF-kB  p65  subunit  the  results  are  shown  separately  because  a  different  staining  protocol  was 
used  in  expt.  1  than  in  expts.  2  and  3.  In  expt.  I  few  normal  glands  were  evaluated;  some 
staining  was  detected  in  the  nuclei  as  well  as  in  infiltrating  mononuclear  cells.  The  results  in  the 
tumors  suggested  that  translocation  might  be  greater  in  malignant  than  benign  tumors  (Table  2). 
In  expt.  2,  tumors  were  more  likely  to  show  nuclear  translocation  than  normal  glands,  and  normal 
glands  from  a  few  DMBA  -treated  rats  showed  translocation  (Table  3).  However,  there  was  no 
detectable  effect  of  tumor  histology  (benign  or  malignant)  on  NF-kB  p65  subunit  nuclear 
translocation  in  this  experiment. 

There  is  wide  variation  in  the  results  for  both  AhR  and  NF-kB  p65  subunit,  and  we  are  now 
completing  the  analysis  of  the  third  experiment  to  evaluate  more  completely  nuclear  translocation 
of  these  two  entities. 

We  are  studying  also  changes  in  the  glands  early  after  DMBA  exposure  in  rats  fed  the  control 
AIN-76  A  diet  or  fed  a  high  N-6-polyunsaturated  fat  diet  (23.5%  corn  oil),  which  promotes 
DMBA-induced  mammary  tumorigenesis. 

Rats  were  necropsied  at  6  hours,  24  hours,  1  week,  3  weeks,  or  9  weeks  after  a  single  gavage  of 
15  mg/kg  DMBA.  Beginning  three  days  after  DMBA,  one-half  of  the  rats  initially  fed  AIN-76A 
diet  (com  oil  5%),  were  fed  the  high  fat  diet  which  is  nutritionally  balanced  and  comparable  to 
the  AJN-76A  diet.  NF-kB  p65  subunit  nuclear  translocation  3  weeks  after  DMBA  was  higher  in 
the  DMB  A-treated  rats  fed  control  diet  than  in  the  DMBA-treated  rats  fed  the  high  fat  diet 
(P=0.005).  Virtually  all  DMBA-treated  rats  showed  translocation  that  time.  In  contrast,  only  one 
of  five  rats  fed  the  high  fat  diet  but  not  given  DMBA  showed  translocation  (Table  4).  Evaluation 
of  slides  from  the  other  groups  and  times  is  proceeding. 

Estrogen  and  Progesterone  Receptors  in  the  Mammary  Glands  and  7,12- 
dimethylbenz(a)anthracene-induced  Mammary  Gland  Tumors  in  Female  Sprague-Dawley 
Rats: 

Expt.  1:  Seventeen  weeks  after  administration  of  vehicle  (group  Cl)  or  7,12- 
dimethylbenz(a)anthracene  (DMBA),  25  mg/kg  by  gastric  gavage  (C2)  at  8  weeks  of  age,  180 
female  Sprague-Dawley  rats  fed  a  purified  control  diet,  AIN-76  A,  were  killed  by  CO2  inhalation. 
All  mammary  gland  tumors  and  grossly  normal  glands  were  excised.  One  section  was 
immediately  taken  from  each  tumor  and  fixed  in  10%  neutral  buffered  formalin  for  subsequent 
alcoholic  dehydration  and  embedding  in  paraffin  for  histologic,  immunohistochemical,  and  in- 
situ  hybridization  analyses.  The  remaining  tissue  was  immediately  frozen  on  dry  ice  for 
molecular  and  biochemical  analyses.  All  samples  were  marked  with  an  identification  number  for 
later  comparisons.  Using  the  standard  dextran-coated  charcoal,  receptor-ligand  binding  assays 
for  estrogen  and  progesterone  receptors  (ER,  PR),  each  tumor  and  normal  gland  was  analyzed  for 
ER  and  PR  content. 


11 


Normal  mammary  glands  from  DMB A  treated  rats  showed  no  effect  of  DMB A  on  ER 
expression,  but  there  was  a  suggestive  increase  in  PR  expression  with  DMB  A  (p=0.07). 
Compared  to  normal  mammary  glands,  DMBA-induced  benign  and  malignant  tumors  had 
significantly  increased  levels  of  ER  and  PR  (<0.05)  (Table  5). 

Assays  of  additional  tissues  from  expts.  2  and  3  are  in  progress. 

Expt.  3.  This  experiment  (see  above)  was  designed  in  part  to  examine  ER  and  PR  expression  in 
the  mammary  gland  at  intervals  beginning  6  hours  after  DMBA  administration  and  ending  9 
weeks  later,  the  time  at  which  tumors  first  appear.  At  necrospy  all  mammary  glands  were 
excised.  Three  sections  were  immediately  fixed  in  cold  4%  paraformaldehyde  for  subsequent 
alcoholic  dehydration  and  embedding  in  paraffin  for  histologic,  immunohistochemical,  and  in 
situ  hybridization  analyses.  The  remaining  tissue  was  immediately  frozen  on  dry  ice  for 
molecular  and  biochemical  analyses.  Uteri  from  the  rats  in  the  9-week  group  were  also  excised 
and  frozen  for  biochemical  analyses.  All  samples  were  marked  with  an  identification  number  for 
later  comparisons.  Using  the  standard  dextran-coated  charcoal,  receptor-ligand  binding  assays 
for  ER  and  PR,  mammary  glands  were  analyzed  for  ER  and  PR  content. 

In  DMBA-treated  rats  fed  the  control  diet  (C4),  ER  expression  appears  to  be  slightly  decreased 
compared  to  vehicle-treated  rats  (Cl)  24  hours,  1  week  and  3  weeks  after  DMBA.  This  decrease 
was  abolished  in  DMBA-treated  rats  fed  a  high  N-6-PUFA  diet  (CF4).  In  the  vehicle-treated  rats 
fed  the  high  fat  diet  (CFI)  there  was  no  detectable  effect  of  diet.  (Figure  1). 

In  DMBA-treated  rats  fed  the  control  diet  (C4)  PR  expression  was  the  same  as  in  vehicle  controls 
(Cl).  In  DMBA  treated  rats  fed  the  high  PUFA  diet  (CF4),  PR  levels  appear  to  be  slightly 
decreased  at  1  week  and  3  weeks  after  DMBA.  In  vehicle-treated  rats  (CFI)  PR  levels  were  the 
same  as  in  rats  fed  control  diet  (Figure  2). 

We  are  currently  undertaking  the  following: 

1 .  Completion  of  dextran-coated  charcoal,  receptor-ligand  binding  assays  for  tumors  and 
normal  tissues  (mammary  glands  and  uteri)  in  the  animals  in  the  second  experiment  that  were 
killed  16-18  weeks  after  DMBA,  to  extend  these  findings  and  determine  the  specificity  of  the 
effects  seen  in  the  mammary  glands. 

2.  Correlation  of  biochemical  ER  and  PR  results  with  immunohistochemical  evaluation  of  ER 
and  PR . 

3.  Correlation  of  the  ER  and  PR  results  with  NF-kB  and  c-myc  data  from  Dr.  Sonenshein’s 
laboratory. 

4.  Creation  of  a  database  for  each  specimen  in  the  experiments,  so  that  all  results  can  be  easily 
summarized  and  correlated.  This  database  will  include  the  following  information:  experiment 
number,  rat  identification  number,  site  of  tumor,  histologic  diagnosis,  treatment  (DMBA,  diet), 
and  measurements  of  ER,  PR,  NF-kB,  c-myc  and  AhR. 
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Analysis  of  c-myc  Oncogene  mRNA  Levels  in  Mammary  Tumors 


Using  in  situ  hybridization,  we  have  detected  increased  expression  of  c-myc  transcripts  in 
the  tumor  tissue  compared  to  normal  mammary  glands.  These  experiments  have  been  performed 
using  a  clone  encoding  a  genomic  fragment  of  the  rat  c-myc  gene,  including  the  first  195  bp  of 
exon  III,  and  were  described  in  last  year’s  Progress  Report.  RNA  probes  were  prepared  in  both 
orientations.  The  antisense  probe  can  detect  c-myc  mRNA  whereas  the  sense  probe  serves  as  a 
control  for  background  hybridization.  As  an  additional  control,  an  antisense  rat  al(I)  collagen 
probe,  which  hybridizes  specifically  with  cells  of  fibroblastic  rather  than  epithelial  origins,  was 
similarly  used.  The  c-myc  antisense  probe  hybridized  to  the  epithelial  cell  layer  surrounding  the 
ducts  in  the  normal  mammary  gland  in  contrast  to  the  hybridization  pattern  of  the  collagen  probe. 
The  control  c-myc  sense  probe  failed  to  hybridize,  as  expected,  demonstrating  the  specificity  of 
the  hybridization  for  this  oncogene.  Furthermore,  the  intensity  of  hybridization  was  routinely 
found  to  be  higher  in  the  tumors  isolated  15  weeks  following  exposure  to  DMBA  compared  to 
the  normal  mammary  gland.  Thus  c-myc  mRNA  expression  is  elevated  in  the  tumor  tissue  and 
potentially  in  the  pre-malignant  mammary  tissue  as  well. 

To  begin  to  assess  the  kinetics  of  the  induction  of  the  levels  of  c-myc  expression  in  the 
tumor  tissue,  we  are  in  the  process  of  isolating  RNA  from  mammary  glands  of  rats  administered 
DMBA  for  various  periods  of  time  ranging  from  6  hours  to  9  weeks,  i.e.,  preceding  the 
appearance  of  tumors.  All  mammary  glands  were  harvested  and  combined  from  control  and 
DMBA-treated  rats.  These  RNA  preparations  are  being  process  for  Northern  blot  analysis  to 
monitor  c-myc  mRNA  levels.  This  should  provide  valuable  information  on  the  kinetics  of 
induction  of  c-myc  gene  expression.  Furthermore,  we  try  to  correlate  the  appearance  of  this 
message  with  activation  of  NF-icB/Rel,  a  transcription  factor  implicated  in  regulation  of  c-myc 
gene  transcription;  aberrant  activation  of  NF-KB/Rel  has  been  observed  in  rat  tumors,  see  Aim  3 
below. 


SPECIFIC  AIM  2 

Using  the  rodent  model  of  DMBA-induced  mammary  tumorigenesis  to  investigate  the 
pathogenesis  of  breast  cancer:  We  will  determine  the  ability  of  DMBA  to  result  in  production  of 
mutated  ER  and  c-myc  genes  by  assessment  of  DNA  and/or  protein  structural  integrity. 

PROGRESS: 

Studies  on  Expression  of  a  Novel  Nuclear  Matrix  Protein  in  Estrogen  Receptor-Negative 
Breast  Cancer 


There  is  an  urgent  need  for  identification  of  node-negative  patients  whose  tumors  have  a 
metastatic  potential.  Several  tumor  markers  have  been  used  in  assessing  tumor  changes  linked  to 
poor  prognosis.  These  include  loss  of  ER  and  PR,  high  blood  vessel  count  (angiogenesis), 
amplification  of  erbB2/HER2/neu  gene  and  decreased  activity  of  nm23  gene.  None  of  these 
markers  alone,  however,  predict,  with  complete  reliability,  which  node-negative  patients  will  be 
likely  to  relapse.  Recently,  we  have  identified  a  novel  protein  while  screening  for  variant  ER 
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proteins  using  site-directed  monoclonal  ER  antibodies.  Importantly,  this  protein  was  found  to  be 
absent  in  ER‘ cells  and  thus  represents  a  potential  marker.  Below  the  studies  on  this  55  kDa 
protein,  termed  nmt55  are  described. 

The  55  kDa  nuclear  nmt55  protein  was  identified  and  characterized  from  human  breast  tumors 
and  MCF-7  cell  line.  Measurements  of  estrogen  (ER)  and  progesterone  (PR)  receptors,  by  ligand 
binding  assays,  in  cytosols  of  63  human  breast  tumors  permitted  classifications  of  these  tumors 
into  four  phenotypes  (ER'^/PR'^,  ER'^/PR’,  ER'/PR',  ER'/PR"^).  nmt55  protein  expression  in  these 
tumors,  as  determined  from  Western  blot  analyses,  showed  a  statistically  significant  association 
(p=0.001)  with  tumor  hormonal  phenotype.  A  review  of  the  pathological  characteristics  of 
tumors  analyzed  suggested  that  lack  of  nmt55  expression  was  significantly  associated  with  mean 
tumor  size  (p  <  0.03),  mean  ER  (p=  0.001)  and  mean  PR  (p  <0.002),  but  was  not  associated  with 
tumor  stage,  grade  or  type.  To  further  study  this  protein,  we  cloned  and  sequenced  a  2.5-kb 
cDNA.  The  complete  predicted  open  reading  frame  encodes  a  predicted  protein  with  471  amino 
acids  and  a  calculated  molecular  mass  of  54,169  Da.  These  data  area  consistent  with  molecular 
mass  obtained  by  gel  electrophoresis.  The  deduced  amino  acid  sequence  exhibited  unique  regions 
rich  in  glutamine,  histidine,  arginine,  and  glutamic  acid.  Northern  blot  analysis  of  RNA  from 
MCF-7  cells  and  ER'^/PR'^  human  breast  tumors  showed  a  2.6  kb  mRNA.  Southern  blot  analysis 
suggested  that  presence  of  a  single  copy  of  this  gene.  Chromosomal  mapping,  using  fluorescent 
in  situ  hybridization  (FISH),  located  nmt55  gene  to  the  X  chromosome,  region  ql3.  The 
extensive  homology  between  nmt55  and  RNA  binding  proteins  suggested  that  nmt55  may  be 
involved  in  hnRNA  splicing.  The  strong  association  observed  between  expression  of  nmt55, 
tumor  hormonal  phenotype,  mean  tumor  size,  mean  ER,  and  mean  PR  content  suggests  that  loss 
of  nmt55  expression  may  be  related  to  events  involved  in  hormone-insensitivity,  tumor 
differentiation  and  unregulated  tumor  cell  growth  and  metastases  (see  enclosed  publication, 
Traish  et  al.,  1997). 

To  investigate  the  possible  regulatory  role  of  nmt55  in  cellular  function,  we  have  used  gel  shift 
mobility  assays  to  determine  the  putative  DNA  binding  elements  for  this  protein.  Using 
homology  sequences  with  other  nuclear  proteins,  we  have  shown  that  nmt55  binds  to 
intercisternal  A-particle  proximal  enhancer  element  (IPE),  with  specific  DNA  sequence, 
GATCATCAGGGAGTGACACGTCCGA.  As  shown  in  Figure  3,  nmt  55  bound  IPE  probe 
specifically  (lane  3)  since  unlabeled  IPE  (lane  2)  competed  for  binding  of  proteins  to  the  IPE 
probe.  To  further  determine  that  this  IPE  probe  represent  a  binding  site  for  nmt55  and  further 
characterize  sequence  requirements  for  binding,  interaction  of  nmt55  with  IPE  probe  was  carried 
out  in  the  presence  of  mutated  sequence  of  IPE  and  with  DNA  representing  the  cAMP  response 
elements  (CRE).  As  shown  in  lanes  4,  mutated  IPE  (mt2)  reduced  nmt55  binding  to  IPE  probe. 
Mutated  IPE  (mt3)  and  CRE  did  not  compete  for  IPE  probe  binding  to  nmt55  (lanes  5  and  7). 
Mutated  IPE  (mt4)  was  very  effective  in  displacing  IPE  probe  from  nmt55  (lane  6). 

Identification  Of  Proteins  That  Associate  With  nmtSS 


To  determine  if  nmt55  associates  with  members  of  RNA  splicing  proteins,  we  carried  out 
experiments  in  which  cells  were  labeled  with  methionine,  proteins  extracted  and 
immunprecipitated  with  monoclonal  and  polyclonal  antibodies.  Figure  4,  lane  7  represents 
methionine  labeled  total  nuclear  extracts.  Incubation  with  pre-immune  serum  (lane  1)  did  not 
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show  a  strong  band  at  molecular  weights  of  55  and  100  kDa,  while  immunoprecipitation  with 
antibody  NMT5  (lane  2)  showed  a  strongly  labeled  protein  band  at  100  and  55  kDa,  respectively. 
This  suggests  that  nmt55  associates  with  a  100  kDa  protein.  Similarly,  immunoprecipitation  with 
pre-immune  serum  or  with  antibody  NMT4  provided  similar  results  (lanes  3  and  4).  Using 
unrelated  antibody  (ER-2 13)  raised  against  ER,  only  a  weakly  labeled  band  was  detected  (lane  5). 
In  contrast,  immunoprecipitation  with  NMTl  antibody  (lane  6)  showed  strongly  labeled  bands  at 
100  and  55  kDa,  respectively. 

To  confirm  this  finding,  parallel  samples  were  immunoprecipitated  with  NMTl  monoclonal 
antibodies,  electrophoresed  and  electrotransfered  and  the  proteins  were  detected  using  specific 
antibodies  to  either  nmt55  or  the  100  kDa  PSF  (Polypyrimidine  tract  binding  protein  Splicing 
Factor)  protein.  As  shown  in  Figure  5,  lanes  1  and  2,  antibodies  raised  against  PSF  detected  a 
specific  100  kDa  band  in  the  co-immunoprecipitate,  suggesting  that  nmt55  is  associated  with 
PSF.  Lanes  3  and  4  demonstrate  the  presence  of  nmt55  in  the  co-immunoprecipitates. 
Immunoprecipitation  with  antibodies  to  PSF  also  resulted  in  detection  of  nmt55  protein  in  the  co- 
immunoprecipitate.  These  observations  indicate  that  nmt55  associates  with  polypyrimidine  tract 
binding  protein  PSF. 

Detection  of  Estrogen  Receptors  in  Human  Breast  Tumors  by  Immunoblotting 

With  the  advent  of  improved  mammograpy  techniques  in  early  detection  of  breast  cancer, 
tumor  size  is  expected  to  be  smaller.  This  reduces  the  amount  of  tissue  available  to  perform 
conventional  ligand  binding  assays  for  receptor  analysis.  New  methods  of  receptor  detection  in 
smaller  tissue  sample  size  or  in  needle  aspiration  biopsies  are  becoming  necessary. 
Immunochemical  assays  utilizing  specific  antibodies  are  the  alternatives  to  the  classical  ligand 
binding  assays.  To  this  end,  we  have  developed  site-directed  monoclonal  antibodies,  which  were 
proven  useful  for  immunohistochmistry  and  in  immunoblotting.  We  have  compared  detection  of 
estrogen  receptor  by  ligand  binding  assays  and  by  western  blots  in  the  extracts  of  40  human 
breast  tumors.  Using  antibody  EVG-F9,  and  western  blots,  we  were  able  to  detect  comparable 
values  of  estrogen  receptors  to  those  determined  by  ligand  binding  assays.  This  suggests  that 
western  blot  analyses  can  be  performed  on  small  tissue  sample  or  needle  aspirated  of  breast 
cancer. 

Studies  on  Estro2en  Receptor  Activation  and  Phosphorylation 

We  have  found  that  treatment  of  MCF-7  cells  in  culture  with  estradiol  results  in 
phophorylation  of  ER,  as  determined  by  western  blot  analysis  using  specific  site-directed 
monoclonal  antibodies  to  ER.  The  phosphorylation  of  ER  correlates  with  receptor  activation  in 
situ.  We  have  taken  advantages  of  this  assay  system  and  analyzed  the  binding  properties  and  the 
ability  of  polychlorinated  biphenyls  (Figure  6)  to  activate  ER  in  intact  cells.  As  shown  in  Figure  7, 
polychlorinated  biphenyls  bind  to  ER  with  moderate  affinity  and  cause  ER  activation,  as 
demonstrated  by  the  reduced  electrophoretic  mobility  of  ER  (Figure  8).  This  new  assay  system 
provides  new  and  simple  assay  for  screening  compounds  with  potential  estrogenic  activity. 
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Expression  of  ER  and  PR  in  Older  Breast  Cancer  Patients 


We  have  examined  the  expression  of  estrogen  (ER)  and  progesterone  receptors  (PR)  and 
the  distribution  of  tumor  phenotypes  as  a  function  of  age  in  breast  cancer  patients.  ER  and  PR 
concentrations  were  determined  in  tissue  biopsies  from  1739  specimens  of  patients  with  primary 
breast  cancer,  using  ligand-binding  assays.  Tumors  were  classified  as  receptor  positive  (ER"^)  or 
negative  (ER  )  and  PR"^  or  PR'  based  on  the  presence  or  absence  of  receptor  binding  activity. 
Tumors  were  stratified  into  four  phenotypes  based  on  the  combined  ER  and  PR  status:  ER+  PR+; 
ER"^  PR';  ER'  PR^;  and  ER'  PR-.  Significant  positive  associations  were  found  between  ER  and 
age  (p=0.0001)  and  between  PR  and  age  (p=0.0002).  The  median  ER  levels  were  statistically 
different  age  groups,  with  the  greatest  levels  older  versus  younger  patients.  The  prevalence  of 
ER'^PR'^  tumor  phenotype  increased  with  age.  In  contrast,  the  prevalence  of  ER'PR-  and  ER'  PR^ 
tumor  phenotypes  decreased  with  age.  The  median  PR  to  ER  ratio  decreased  with  age 
(p=0.0001)  and  this  trend  was  attributed  to  increased  ER  levels  with  age.  The  prevalence  of  ER' 
PR'  and  ER'PR"^  tumor  phenotypes  in  younger  patients  suggest  that  hormonal  regulation  of  ER 
gene  expression  may  be  responsible  for  the  observed  disparity  of  tumor  phenotypes  in  breast 
cancer.  A  copy  of  the  manuscript  which  is  submitted  to  Cancer  Detection  and  Prevention  is 
enclosed  (Ashba  et  al.). 


SPECIFIC  AIM  3 

The  mechanism(s)  leading  to  increased  expression  of  hormone  or  Ah  receptor  or  c-myc  genes 
will  be  elucidated.  Results  will  be  correlated  with  morphologic  studies  of  the  glands  and  tumors. 

PROGRESS: 

We  hypothesized  that  mis-regulation  of  gene  expression  induced  by  DMBA  was  most 
likely  to  result  from  altered  control  of  transcription.  Control  of  transcription  is  mediated  by 
binding  of  trans-acting  factor(s)  to  cis-regulatory  elements.  Thus,  increased  transcription  is  most 
likely  due  either  to  1)  a  mutation  in  the  gene  itself  (affecting  binding  of  a  nuclear  transcription 
factor),  or  2)  a  mutation  in  a  gene  encoding  a  factor  that  regulates  its  transcription.  In  model  2, 
activation  of  a  transcription  factor  via  the  oxidative  stress  pathway  induced  by  DMBA  could 
provide  the  stimulus  for  overexpression.  For  the  control  of  c-myc  gene  transcription,  NF-kB 
represents  an  excellent  candidate  for  this  model,  since  this  family  of  factors  are  induced  by 
oxidative  stress  (89),  and  we  have  shown  this  family  of  factors  plays  a  major  role  in  regulation  of 
c-myc  transcription  (90,91). 

Mammary  Tumors  Display  Aberrant  Activation  of  NF-xB/Rel  Transcription  Factors  That 
Promote  Cell  Survival 


We  have  measured  the  expression  of  NF-kB/Rel  factors  in  tumor  tissue  from  the  DMBA 
treated  rats  as  well  as  the  levels  in  normal  mammary  gland.  Consistent  with  our  hypothesis,  we 
have  observed  very  high  levels  of  factor  expression  in  nuclei  of  85%  of  the  tumors  that  we  have 
examined.  As  expected  NF-KB/Rel  was  not  detected  in  normal  mammary  glands.  (A  manuscript 
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has  now  been  accepted  for  publication  on  this  work  in  the  Journal  of  Clinical  Investigation: 
Sovak,  M.A.,  Bellas,  R.E.,  Kim,  D.W.,  Zanieski,  G.J.,  Rogers,  A.E.,  Traish,  A.M.,  and 
Sonenshein,  G.E.,  1997;  a  copy  of  this  manuscript,  which  will  be  referred  to  as  Sovak  et  al., 

1997,  is  enclosed).  The  data  demonstrating  the  EMSA  assays  on  the  nuclear  extracts  is  shown  in 
Figure  4  of  Sovak  et  al.,  1997.  These  findings  are  consistent  with  the  results  we  reported  in  the 
Progress  Report  for  last  year.  Furthermore,  when  we  compared  the  expression  of  NF-xB/Rel 
factors  in  untransformed  vs  transformed  human  breast  epithelial  cells.  We  found  that  breast 
cancer  cancer  lines  express  high  constitutive  levels  of  nuclear  NF-KB/Rel  whereas  untransformed 
human  breast  epithelial  cells  express  only  low  levels  of  nuclear  Rel  activity  (Figure  1,  Sovak  et 
al.,  1997).  We  have  also  found  that  primary  human  breast  cancer  tissue  specimens  contain 
nuclear  NF-KB/Rel  subunits,  as  judged  by  immunoblotting  (Figure  5  and  Table  1,  Sovak  et  al., 
1997).  Since  Rel  factors  regulate  expression  of  c-myc  (2-4),  we  tested  the  activity  of  this  factor 
using  transient  transfection.  We  determined  that  an  NF-kB  element  driven  construct  in  578T 
cells  and  the  c-myc  promoter  in  MCF-7  cells  was  transactivated  by  binding  of  these  endogenous 
NF-KB/Rel  factors  (Figure  2,  Sovak  et  al.,  1997).  These  results  indicate  that  the  aberrantly 
activated  NF-KB/Rel  is  functional.  Thus  these  results  are  consistent  with  the  hyphothesis 
presented  in  our  application  and  suggest  a  mechanism  by  which  exposure  to  environmental 
carcinogens  leads  to  overexpression  of  the  c-myc  oncogene.  Importantly,  recent  evidence  from 
our  laboratory  suggests  that  NF-KB/Rel  provide  survival  signals  for  B  cells  and  hepatocytes  (96- 
99),  and  this  finding  has  been  confirmed  by  several  other  laboratories.  Importantly,  inhibition  of 
NF-KB/Rel  activity  leads  to  the  induction  of  a  cell  death  program.  Thus,  we  tested  the  effects  of 
specific  inhibition  of  this  transcription  factor  in  578T  cells  using  a  microinjection  strategy.  Using 
either  microinjection  of  specific  antibodies,  oligonucleotide  or  specific  inhibitor  proteins  of  NF- 
KB/Rel  binding,  we  induced  apoptosis  of  578T  breast  cancer  cells  (Figure  3,  Sovak  et  al.,  1997). 
These  findings  suggest  aberrant  NF-kB/Rel  activity  may  play  a  role  in  tumor  progression,  and 
that  importantly  it  represents  a  possible  therapeutic  target  in  the  treatment  of  these  tumors. 

NF-kB/RcI  is  Activated  in  the  Manamarv  Gland  Prior  to  Tumor  Formation 

More  recently,  we  are  have  performed  analysis  of  mammary  gland  tissue  isolated  during  a  time 
course  experiment;  glands  were  isolated  after  6  hours,  1  day,  1  week,  3  weeks  and  9  weeks 
following  DMB A  treatment  to  determine  the  kinetics  of  activation  of  NF-kB/RcI  and  c-myc  RNA 
levels.  No  detectable  increase  in  basal  NF-KB/Rel  binding  levels  was  seen  at  6  hours,  1  day  or  1 
week  after  treatment.  However,  2  of  5  rats  displayed  detectable  levels  of  NF-kB/Rel  binding 
prior  to  tumor  formation  (data  not  shown).  This  finding  suggests  that  activation  of  this  factor  is 
an  early  event.  These  preliminary  findings  suggest  that  NF-KB/Rel  subunit  expression  may 
represent  a  marker(s)  for  early  detection  of  pre-metastatic  breast  disease.  As  discussed  above, 
immunohistochemistry  of  the  DMBA  induced  tumors  indicates  nuclear  localization  of  the  p65 
subunit  in  some  of  the  tumors.  Additional  immunohistochemistry  will  be  performed  to  determine 
which  NF-KB/Rel  subunits  are  activated.  The  results  should  provide  insights  into  the  pathway 
leading  to  DMBA-induced  neoplastic  transformation  of  the  mammary  gland  in  rats,  and  provide 
a  new  therapeutic  approach  to  treatment  and  diagnosis  of  this  disease. 
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Table  1:  IHC  of  AhR  Nuclear  Translocation  in  Normal  (Non- 
DMBA-Treated  Rat)  Mammary  Gland  Epithelium  and  in  DMBA- 
Induced  Mammary  Gland  Tumors 


Group  No.  Samples 

Positive  Nuclei/10,000  Cells* 

All  Cases  Positive  Cases 

Positive  Cases/ 
Total  Cases 

Normal  Glands, 
Control  Rats 

8 

2+3.9,(0) 

8+2.3,(8) 

2/8 

Histologically  Normal 
Glands, 

DMBA-Treated  Rats 

12 

0 

0 

0/12 

Benign  Tumors 

26 

11+11,(9) 

12+11,(9) 

24/26 

Malignant  Tumors 

52 

9.9+7.7,(8) 

10+7.6,(9) 

49/52 

*  Mean  +  S.D.,  (Median) 
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Table  2:  IHC  of  NF-KB  P65  Nuclear  Translocation  in  Normal  (Non- 
DMBA-Treated  Rat)  Mammary  Gland  Epithelium  and  in  DMBA- 
Induced  Mammary  Gland  Tumors.  [Experiment  1] 


Group  No.  Samples 

Positive  Nuclei/ 

10,000  Cells* 

All  Cases  Positive  cases 

Positive  Cases/ 

Total  Cases 

Normal  Glands, 

Control  Rats  3 

65.64^.5,(64)  1264-115,(126) 

2/3 

Benign  Tumors  15 

0.354-0.9,(0)  2.64-0.02,(2) 

2/15 

Malignant  Tumors  67 

34-4.8,(1.14)  5.74-5,(4) 

38/67 

*  Mean  +  S.D.,  (Median) 
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Table  3:  IHC  Detection  of  NF-KB  P65  Nuclear  translocation  in 
Histologically  Normal  (Non-DMBA  and  DMBA-Treated  Rat)  Mammary 
Glands  Epithelium  and  in  DMBA-Induced  Mammary  Gland  Tumors. 
[Experiment  2] 


Group  No.  Sample 

Positive  Nuclei/ 10,000  Cells* 

All  Cases  Positive  Cases 

Positive  Cases/  Total  Cases 

Normal  Glands 

Control  Rats  S 

0  0 

0/5 

Histologically  Normal  Glands, 
DMBA-Treated  12 

51+119,(0)  256+150,(256) 

2/12 

Benign  Tumors  11 

48.7+46,(49)  53.5+41,(49) 

10/11 

Malignant  Tumors**  18 

31+67,(4.7)  31467,(4.7) 

18/18 

* 


Mean  +  S.D.,  (Median) 


Table  4:  IHC  Detection  of  NF-KB  P65  Nuclear  Translocation  in 
ffistologically  Normal  Mammary  Glands  Epithelium  (Non-DMBA  and 
DMBA-Treated  Rat)  Three  Weeks  after  DMBA  Exposure. 


Group  No.Sainples 

Positive  Nuclei/lOjOOO  Cells* 

All  Cases  Positive  Cases 

Positive  Cases/  Total  Cases 

High  Fat  Diet,No  DMBA  5 

0.22+0.5,  (0)  1.14 

1/5 

Control  Diet+DMBA  5 

22+11.7,(21)  22+11.7,(21) 

5/5 

High  Fat  Diet  +DMBA  5 

2 +1.7,  (1.6)  2.6+1.5,a-4) 

4/5 

•  Mean  +  S.D.,  (Median) 
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Tables- 

Estrogen  and  Progesterone  Receptors  in  Mammary  Glands 
and  DMBA-induced  Tumors  in  Female  S>D  l^ts 


I.  Histologically  Nonnal  Mammary  Glands: 


Receptors* 


Group 

DMBA 

No.  of  Glands 

m 

PR 

Cl 

0 

7 

10+16 

6+9 

C2 

+ 

50 

9+12 

26+28 

(p=0.8) 

(p=0.07) 

n.  DMBA-induced  Mammary  Gland  Tumors  (Group  C2): 

Receptors* 


Tumors  Histoloev 

No. 

m 

PR 

Benign 

14 

34±27 

172±105 

Malignant 

63 

36±25 

257±159 

*Mean  +  S.D.;  ER,  estrogen  receptor;  PR,  progesterone  receptor;  both  reported  as  fmol/mg 
protein 
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The  chemical  structure  of  the  polychlorinated  biphenyls. 
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Figure  6 
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Displacement  of  [^H]  E2  from  Calf  Uterine  ER 
by  Polychlorinated  Biphenyl's 


punoa  %' 
Figure  1 
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Loss  of  Expression  of  a  55  KDa  Nuclear  Protein 
(nmt55)  in  Estrogen  Receptor-Negative 
Human  Breast  Cancer 


Abdulmaged  M.  Traish,  Yue-Hua  Huang,  Jacqueline  Ashba, 
Mary  Pronovost,  Matthew  Pavao,  David  B.  McAneny,  and 
Robert  B.  Moreland 


We  have  identified  and  characterized  a  55  kDa  nuclear  protein 
(referred  to  as  nmt55)  from  human  breast  tumors  and  MCF-7 
cell  line,  using  site-directed  monoclonal  antibodies.  Measure¬ 
ments  of  estrogen  receptors  (ER)  and  progesterone  receptors 
(PR),  by  ligand  binding  assays;  in  cytosols  of  63  human  breast 
tumors  permitted  classifications  of  these  tumors  into  four  phe¬ 
notypes  (ER-^/PR+,  ER-1-/PR-.  ER-/PR-.  ER-/PR+).  Nuclear 
protein  {nntt55)  expression  in  these  tumors,  as  determined  from 
Western  blot  analyses,  showed  a  statistically  significant  asso¬ 
ciation  (p  =  0.001)  with  tumor  hormonal  phenotype.  Review 
of  the  pathologic  characteristics  of  tumors  analyzed  suggested 
that  lack  ofnmt55  expression  was  significantly  associated  with 
mean  tumor  size  (p  <  0.03),  mean  ER  (p  =  0.001)  and  mean 
PR  (p  <  0.002),  but  was  not  associated  with  tumor  stage,  grade, 
or  type.  To  further  study  this  protein,  we  cloned  and  sequenced 
a  2.5  kb  cDNA  using  a  monoclonal  antibody  to  nmt55.  The 
complete  predicted  open  reading  frame  encodes  a  protein  with 
471  amino  acids  and  a  calculated  molecular  mass  of  54,169  Da. 
The  deduced  amino  acid  sequence  exhibited  unique  regions 
rich  in  glutamine,  histidine,  arginine,  and  glutamic  acid.  North¬ 
ern  blot  analysis  of  RNA  from  MCF-7  cells  and  ER-I-/PR+ 
human  breast  tumors  showed  a  2.6  kb  mRNA.  Southern  blot 
analysis  suggested  the  presence  of  a  single  copy  of  this  gene. 
Chromosomal  mapping,  using  fluorescent  in  situ  hybridization 
(FISH),  located  nmt55  gene  to  the  X  chromosome,  region  ql3. 
The  extensive  homology  between  nm[55  and  RNA  binding  pro¬ 
teins  suggested  that  nmtSS  may  be  involved  in  hnRNA  splicing. 
The  strong  association  observed  between  expression  of  nmt55, 
tumor  hormonal  phenotype,  mean  tumor  size,  mean  ER,  and 
mean  PR  content  suggests  that  loss  of  nmt55  expression  may  be 
related  to  events  involved  in  hormone  insensitivity,  tumor  dif¬ 
ferentiation,  and  unregulated  tumor  cell  growth  and  metastases. 
Key  Words:  Breast  tumors— Estrogen  receptor— 55  kDa 
nuclear  protein — RNA-binding  protein — Splicing  factors. 
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The  development  of  breast  cancer  is  thought  to  be  a 
multistage  process  (9).  The  progression  of  this  disease  is 
associated  with  cellular  and  molecular  changes.  Thus, 
initiation  and  progression  may  be  associated  with  loss  of 
chromosomal  material  and  ultimately  specific  gene  func- 
tion(s).  Some  of  these  cellular  and  molecular  changes 
may  be  associated  with  tumor  cell  acquisition  of  meta¬ 
static  ability.  Discovery  of  tumor-specific  genes  that  lead 
to  tumor  metastasis  is  important  in  the  development  of 
strategies  for  treatment  of  breast  cancer  patients.  There  is 
an  urgent  need  for  identification  of  node-negative  pa¬ 
tients  whose  tumors  have  a  metastatic  potential.  Several 
tumor  markers  are  used  in  assessing  tumor  changes 
linked  to  poor  prognosis.  These  include  loss  of  estrogen 
receptors  (ER)  and  progesterone  receptors  (PR)  (18-20), 
high  blood  vessel  count  (angiogenesis)  (13),  amplifica¬ 
tion  of  erbB2/HER2/neu  gene  (29,33)  and  decreased  ac¬ 
tivity  of  nni23  gene  (2).  None  of  these  markers  alone 
predict,  with  complete  reliability,  which  node-negative 
patients  will  be  likely  to  relapse. 

Positive  and  negative  regulators  of  metastasis  are 
likely  to  exist  in  breast  cancer.  During  malignant  pro¬ 
gression,  breast  cancer  cells  may  acquire  cellular  trans¬ 
forming  functions  required  for  abnormal  growth  and  loss 
of  regulatory  gene  functions  (e.g.  tumor  suppressor 
genes).  The  existence  of  specific  genes  responsible  for 
suppression  of  tumor  metastasis  has  been  reported  (27). 
Over  the  past  several  years,  a  number  of  proteins  were 
implicated  in  the  aberrant  growth  of  human  breast  cancer 
cells,  such  as  epidermal  growth  factor  receptor  (EGFR) 
(33,41).  The  erbB2  protein  is  under  investigation  for  its 
possible  use  as  a  response  variable  for  monitoring  the 
efficacy  of  chemotherapy.  Similarly,  other  proteins  are 
thought  to  be  involved  in  the  process  of  metastasis,  such 
as  p53  (a  transcriptional  factor  with  tumor  suppressor 
properties)  (41)  and  nm23  (a  putative  metastatic  suppres¬ 
sor)  (2).  While  these  proteins  may  have  some  prognostic 
value,  they  have  yet  to  be  utilized  clinically  for  lack  of 
sufficient  information  on  these  markers. 

In  our  efforts  to  screen  human  breast  tumors  for  ER 
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variants  using  a  monoclonal  antibody  raised  to  a  15- 
amino  acid  polypeptide,  representing  a  unique  sequence 
of  the  acidic/basic  (A/B)  region  of  human  ER,  we  ob¬ 
served  that  this  antibody  cross-reacted  with  a  55  kDa 
^  nuclear  protein  present  only  in  a  subset  of  human  breast 
(Ij  cancer  tissues.  In  this  study  identifies  and  characterizes 
this  protein  to  assess  its  potential  role  in  human  breast 
cancer.  We  have  identified,  characterized,  and  cloned  the 
cDNA  for  nmt55  protein.  One  striking  observation  is  that 
tumors  that  did  not  express  ER  and  PR  also  lacked  ex¬ 
pression  of  nmt55  protein.  Because  ER  expression  is 
used  as  a  prognostic  factor  in  management  of  breast  can¬ 
cer  patients,  it  is  possible  that  the  loss  of  nmt55  expres¬ 
sion  may  represent  the  state  of  tumor  differentiation. 

MATERIALS  AND  METHODS 
Clinical  Material 

Human  breast  cancer  tissue  was  obtained  from  pa¬ 
tients  undergoing  surgery  for  treatment  of  breast  cancer, 
as  described  previously  (39).  Two  breast  normal  tissue 
specimens  were  obtained  from  subjects  who  had  under¬ 
gone  breast  reconstruction  surgery.  This  study  was  ap¬ 
proved  by  the  Institutional  Review  Board  of  Boston  Uni¬ 
versity  Medical  Center  Hospital.  Human  breast  cancer 
cell  line  MCF-7  was  obtained  from  the  American  Type 
Tissue  Culture  Collection  (ATCC).  Monoclonal  antibody 
NMT-1  (36,38)  was  developed  to  a  unique  peptide  en¬ 
compassing  amino  acids  140-154  in  the  A/B  region  of 
the  human  estrogen  receptor. 

Estrogen  and  Progesterone  Receptor  Assays 

The  concentrations  of  unoccupied  ER  and  PR  were 
determined  by  ligand  binding  analyses  as  described  pre¬ 
viously  (35-39).  Radiolabeled  estradiol  was  used  as  a 
ligand  for  ER  and  radiolabeled  ORG  2058  was  used  as 
ligand  for  PR  (35-39).  All  assays  were  performed  in  The 
Hormone  Receptor  Assay  Laboratory  at  Boston  Univer¬ 
sity  Medical  Center.  The  binding  data  were  normalized 
in  femtomoles  per  milligram  (fmol/mg)  of  cytosol  pro- 
'feths^We  have  chosen  cutoff  values  for  ER  as  10  fmol/ 
mg  protein  and  for  PR  as  2  fmol/mg  proteins.  These 
cutoff  values  reflect  the  sensitivity  of  the  assays  using 
the  appropriate  ligands.  Tumors  were  stratified  into  four 
groups  according  to  their  ER  and  PR  status:  1)  ER-I-PR+, 

2)  ER“PR-,  3)  ER-(-PR-,  and  4)  ER-PR+.  Similar  tumor 
stratifications  were  reported  based  on  ligand  binding  and 
gel  .shift  assays  (6,18-20,30). 

Statistical  Analysis 

Statistical  analyses  were  performed  to  determine  the 
association  between  nmt55  protein  expression,  ER  and 


PR  expression,  and  tumor  pathologic  characteristics. 
Two-sample  /-test  procedures  were  used  to  compare  the 
mean  values  of  ER  and  PR  concentrations  and  tumor  size 
with  presence  or  absence  of  nmt55.  We  also  conducted 
chi-square  analyses  to  examine  possible  differences  be¬ 
tween  tumor  characteristics  (stage,  grade,  tumor  hor¬ 
monal  phenotypes,  and  tumor  type)  and  nmt55  protein 
status.  Multiple  logistic  regression  analyses  were  per¬ 
formed  to  assess  the  association  of  nmt55  presence  with 
ER  and  PR  concentrations,  adjusting  for  tumor  charac¬ 
teristics.  All  statistical  analyses  were  performed  using 
mainframe  SAS  version  6.11  at  Boston  University. 

Sodium  Dodecyl  Sulphate-Polyacrylamide  Gel 
Electrophoresis  and  Western  Blot  Analysis 

Polyacrylamide  gel  electrophoresis  (PAGE)  and  West¬ 
ern  blot  analyses  were  carried  out  as  described  previ¬ 
ously  (37).  Briefly,  cytosols  and  nuclear  KCl  extracts 
were  prepared  in  the  appropriate  buffers,  as  described 
(35^39)  and  electrophoresed  on  10%  sodium  dodecyl 
sulphate  (SDS)/PAGE  according  to  the  method,  of 
Laemmli  (16).  The  proteins  were  electrotransfenred  onto 
nitrocellulose  membranes.  Strips  of  the  nitrocellulose 
membranes  were  then  incubated  in  buffer  TBST  (50  mM 
Tris-HCl,  pH  8.0,  0,15  M  NaCl,  0.5%  Tween  20)  con¬ 
taining  5%  nonfat  dry  milk  to  block  nonspecific  binding 
sites  for  1  h  at  3TC  and  then  probed  for  2  h  at  30'’C  with 
the  appropriate  dilution  of  the  antibody  in  the  same 
buffer  containing  5%  nonfat  milk. 

Bacterial  Strains 

Escherichia  coli  strain  XLl  Blue  (genotype  F'::Tnl0 
proAB  lacl^L  {lacZ}  MlSIrecAl  endAl  gyrA96 
{Nar}//i/-  hsdRlJ  {rj^~  rn,^+}  supE44  relAl  lac  {Strata- 
gene})  was  used  for  all  lambda  phage  experiments  and 
DH5a  (genotype  FlendAI  recAI  relAI  hsdR17  {r^" 
m^^.},  supE44,  gyrA  {Naf},  /AT/,  L{lacIZYA-argF} 
U169  deoR  dlacL  [lacZ\MI5})  (Life  Sciences  Inc.) 
was  used  in  the  transfection  and  preparation  of  plasmid 
DMAs, 

Library  Screening  and  Subcloning 

A  lambda  ZAP  II  (Stratagene)  cDNA  library  of 
MCF-7  cells  (compIexity-1  x  10^,  generous  gift  of  Dr. 
Mark  Sobel,  NCI)  was  screened  using  expression  cloning 
with  isopropylthiogalactose  (IPTG)-induction  (21)  and 
Mab  NMT-1  (36,38).  Recombinant  phage  were  plated  at 
a  density  of  -50,000  pfu/150  mm  Petri  dish.  Plaque  lifts 
were  prepared  and  probed  (135  mm  nitrocellulose, 
Schleicher  and  Scheull)  as  described  (21).  To  avoid  se¬ 
lecting  ER  clones,  the  nitrocellulose  membranes  were 
soaked  in  0.1%  SDS  in  Western  blot  buffer,  and  then 
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washed  with  buffer  containing  10%  methanol.  This  treat¬ 
ment  denatures  ER  protein  and  does  not  permit  detection 
of  ER  on  Western  blots  by  NMT-1.  Positive  plaques 
were  isolated  and  purified  to  homogeneity.  pBIuescript 
plasmids  corresponding  to  the  positive  phage  were  ex¬ 
cised,  according  to  the  manufacturer’s  instructions.  Poly¬ 
merase  chain  reaction  (PCR),  using  T3  and  T7  RNA 
polymerase  promoter  primers  (Stratagene)  was  carried 
out  to  determine  insert  sizes.  The  primers  used  flank,  the 
cloned  sequences  in  pBIuescript.  Polymerase  chain  reac¬ 
tion  followed  by  agarose  gel  electrophoresis  revealed 
two  clones  with  approximate  sizes  of  2.5  kb  and  1.7  kb 
for  the  inserts.  Restriction  analysis  with  Xhol  and  EcoRI 
(the  sites  for  insertion  of  the  cDNA  into  lambda  ZAPII) 
revealed  a  complex  pattern  indicating  either  internal 
EcoRI  and/or  Xhol  restriction  sites.  Induction  of  bacteria 
harboring  the  plasmid  (pBIuescript  nmtSS)  with  2  mM 
IPTG  for  5  h  followed  by  isolation  and  lysis  of  the  bac¬ 
teria  in  SDS  sample  buffer,  SDS-PAGE,  and  Western 
blotting  resulted  in  an  immunoreactive  -60  kDa  band,  in 
agreement  with  a  predicted  55  kDa'protein.  The  1.7  kb 
clone  yielded  a  smaller  protein  product  indicative  of  an 
internal  methionine  start  site  (data  not  shown). 


Nucleotide  Sequencing  of  cDNA  Clones 

Plasmids  were  prepared  from  candidate  bacteriophage 
clones  by  cotransfection  of  XL-l  Blue  with  the  helper 
M13  phage  R408  (Stratagene)  and  the  lambda  phage. 
The  resulting  phagemids  were  transfected  into  DH5a, 
positive  clones  selected  on  ampicillin  containing  plates, 
screened,  and  plasmids  were  prepared.  The  insert  DNA 
was  sequenced  in  both  directions  using  primers  every 
300  bp  at  the  Boston  University  DNA  Core  Facility, 
using  an  Applied  Biosystems  International  (ABI)  3000 
DNA  sequencer. 

Expression  of  nmtSS  in  Bacteria 

Cultures  of  DH5a  harboring  the  appropriate  plasmids 
were^  grown  to  late  log  phase  (A 600  -  I  A).  We  have 
observed  that  bacteria  harboring  the  2.5  kb  cDNA  clone 
did  not  grow  when  induced  with  IPTG,  suggesting  a 
detrimental  effect  of  the  gene  product  in  bacteria.  To 
overcome  this,  cells  were  grown  for  3  h  prior  to  induc¬ 
tion  with  DPTG,  and  then  induced  with  200  mM  IPTG 
with  shaking  at  300  rpm  37®C  for  5  h.  Aliquots  of  bac¬ 
teria  cultures  were  centrifuged  in  1.5  ml  microfuge  tubes 
and  the  cell  pellets  lysed  by  boiling  in  lx  SDS-PAGE 
sample  buffer.  After  5  min  of  centrifugation  to  remove 
cell  debris,  aliquots  of  the  supernatants  were  electropho- 
resed  on  10%  SDS-PAGE,  electrotransfenred,  and  pro¬ 
cessed  for  Western  blot  analysis. 
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FIG.  1.  Western  blot  analysis  of  MCF-7  cells  nuclear  and 
cytosolic  extracts  with  MAb  NMT-1.  Nuclear  KC!-extracts 
Lanes  (lanes  1,  2,  3,  and  5)  and  cytosol  (lane  4)  were 
analyzed  by  sodium  dodecyi  sulphate  polyacrylamide  gel 
electrophoresis  (SDS/PAGE),  transferred  onto  nitrocellu¬ 
lose  membranes  and  subjected  to  immunoblotting.  The 
arrow  represents  the  migration  of  bovine  serum  albumin 
(BSA,  69  kDa).  Lane  1  was  immunoblotted  with  preim- 
munserum;  Lane  2  represents  immunoabsorption  of  the 
antibody  with  the  synthetic  immunogenic  peptide;  Lanes  3 
and  4  were  immunoblotted  with  NMT-1  antibody;  Lane  5 
was  immunoblotted  with  antibodies  against  RARa. 

RNA  Preparation  and  Northern  Blot  Analysis 

Total  RNA  from  MCF-7  cells  and  human  breast  tumor 
tissues  was  prepared  by  homogenization  in  guanidinium 
isothiocyanate  followed  by  phenol/chloroform  extraction 
and  isopropanol  precipitation  (3).  Total  RNA  (10-20  fjig) 
was  electrophoresed  on  1%  formaldehyde-MOPS  aga¬ 
rose  gels  and  then  transferred  onto  nylon-reinforced  ni¬ 
trocellulose  membranes.  Membranes  are  treated  with  ul¬ 
traviolet  light  (Stratalinker,  Stratagene;  1200  watt/cm^) 
to  immobilize  the  nucleic  acids.  Double-stranded  DNA 
probes  for  Northern  blot  analysis  were  labeled  with 
a-[^^P]  dCTP  using  T7  DNA  polymerase  and  random 
primers.  Specific  activities  range  from  10®  to  10^  cpm/ 
ixg.  Double-stranded  DNA  probes  include  a  499  bp  SacI/ 
Bglll  fragment  of  human  nmt55,  and  a  545  bp  Hindlll/ 
Xbal  fragment  of  human  gIyceraIdehyde-3-phosphate 
dehydrogenase  (GAPHD)  (34).  The  probe  used  for  this 
analysis  was  a  499  bp  Sacl/Bglll  fragment,  representing 
the  unique  carboxyl  terminus  of  nmt55.  This  probe  was 
chosen  to  avoid  possible  cross-hybridization  with  other 
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FIG.  2.  Distribution  of  nmtSS  in  tissues  and  cells.  Rat  uterine  tissue  was  obtained  from 
mature  female  animals.  Mice  uterine  tissue  were  obtained  from  mature  mice.  The  uteri  were 
stripped  of  fat  and  mesenteric  tissue  and  kept  frozen  at  -80°C  until  use.  Calf  uterine  tissues 
were  obtained  frorti.a  local  slaughter  house,  placed  on  dry  ice,  and  transported  to  the 
laboratory.  Rat  kidney,  bladder,  spleen,  brain,  testis,  liver,  and  prostate  were  obtained  from 
mature  male  animals.  B16  melanoma  cells  were  a  gift  from  Dr.  Richard  Niles  (Marshall 
University,  WV).  CHO  cells  were  obtained  from  Dr.  M.  Brann  (University  of  Vermont). 
Human  breast  cancer  tissues  were  obtained  from  patients  undergoing  surgery  for  breast 
cancer.  Tissues  were  placed  on  dry  ice  and  transported  to  the  laboratory  where  they  are 
stored  at  -SO^C  until  experimentation.  Nuclear  KCI-extracts  from  several  tissues  and  cells 
were  electrophoresed,  electrotransferred  onto  nitrocellulose,  and  immunoblotted  with  MAb 
NMT-1. 


RNA  binding  factors  such  as  polypyrimidine  splicing 
factor  (PSF)  (7,24).  Hybridizations  were  carried  out  at 
67°C  for  2  h  in  Quickhyb  (Strategene).  Following  low 
(2x  SSC  0.1%  SDS,  25‘’C)  and  high  stringency  (0.2x 
SSC  0.1%  SDS,  65°C)  washes,  membranes  were  ex¬ 
posed  to  Amersham  Hyperfilm  for  24-48  h  at  -70'’C. 
RNA  samples  were  normalized  for  loading  using 
GAPHD  (34). 

Southern  Blot  Analysis  of  Genomic  DNA 

Human  placental  genomic  DNA  (20  |jLg)  was  digested 
with  restriction  endonucleases  (EcoRI,  Hind  III,  Ncol, 
and  PstI;  genomic  grade,  high  concentration),  and  elec- 
~trophoresed  on  1%  agarose  gels  (17).  The  gels  are  trans¬ 
ferred  onto  nylon-reinforced  nitrocellulose  membranes, 
and  treated  with  ultraviolet  light  (Stratalinker,  Strata- 
gene;  1200  watt/cm^)  to  immobilize  the  nucleic  acids. 
Double-stranded  DNA  probes  for  Southern  blot  analysis 
are  prepared  as  described  in  the  experiments  for  North¬ 
ern-blot  analysis  (above),  using  a  499  bp  Sac/Bglll  frag¬ 
ment  of  human  nmtSS.  Hybridizations  are  carried  out  at 
67°C  for  2  h.  Following  low  (2x  SSC  0.1%  SDS,  25°Q 
and  high-stringency  washes  (0.2x  SSC  0.1%  SDS, 
65°Q,  membranes  are  exposed  to  Hyperfilm  for  24-48  h 
at  -70*C. 


Chromosomal  Mapping 
Slides  Preparation 

Lymphocytes  from  human  .blood  were  cultured  in 
minimal  essential  medium  (MEM)  supplemented  with 
10%  fetal  bovine  serum  and  phytohemagglutinin  (PHA) 
at  37°C  for  68-72  h.  The  lymphocyte  cultures  were 
treated  with  BrdU  (0.18  mg/ml.  Sigma)  to  synchronize 
the  cell  population.  The  synchronized  cells  were  washed 
three  times  with  serum-free  medium  to  release  the  block 
and  recultured  at  37°C  for  6  h  in  MEM  with  thymidine 
(2.5  (ig/ml.  Sigma).  Cells  were  harvested  and  slides  were 
made  using  standard  procedures  including  hypotonic 
treatment,  fixed  and  air  dired. 

Fluorescent  In  Situ  Hybridization 

i 

Biotinylation  of  the  cDNA  probe  (2.5  kb)  with  dATP 
using  BRL  BioNick  labeling  kit  (15°C,  1  h)  was  carried 
out  as  described  (10).  In  situ  hybridization  was  per¬ 
formed  by  the  fluorescent  in  situ  hybridization  (FISH) 
method  as  described  by  Heng  et  al.  (11,12).  Slides  were 
baked  at  55*^0  for  1  h  and  after  RNase  treatment,  DNA 
on  the  slides  was  denatured  70%  formamide  in  2x  SSC 
for  2  miii'at  TO^C  and  dehydrated  by  ethanol.  Probes 
were  denatured  at  75®C  for  5  min  in  a  hybridization  mix 
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FIG.  3.  Western  blot  analysis  of  nmt55\r\ 
nuclear  KCl-extracts  of  human  breast  tu¬ 
mors.  Nuclear  KCI-extracts  from  ER+ 
and  ER-  human  breast  tumors  were  pre¬ 
pared  and  analyzed  by  Western  blot  us¬ 
ing  NMT-1  antibody.  Presence  or  ab¬ 
sence  of  ER  in  these  tumors  is  indicated 
at  the  bottom. 


ER  +  +  +  - 


consisting  of  50%  formamide  and  10%  dextran  sulphate. 
Probes  were  loaded  onto  the  denatured  chromosomes  on 
slides.  After  overnight  hybridization,  slides  were  washed 
and  the  signal  was  detected  and  amplified.  In  the  same 
field,  FISH  signals  and  DAPI  banding  patterns  were  re-' 
corded  separately  by  fluorescent  photomicroscopy  using 
appropriate  filters.  The  assignment  of  FISH  mapping 
data  with  chromosomal  bands  was  achieved  by  superim¬ 
posing  FISH  signals  with  DAPI  banded  chromosomes 
(12). 


RESULTS 

Identification  and  Characterization  of  a  55  kDa  . 
Nuclear  Protein  in  Human  Breast  Cancer 

A  monoclonal  antibody  (NMT-1)  (36,38)  raised  to  a 
unique  peptide  from  the  human  ER  did  not  recognize 
denatured  ER  on  Western  blots  but  reacted  with  a  55  kDa 
nonreceptor  protein  solubilized  by  extraction  of  nuclei 
from  human  MCF-7  cells  with  buffer  containing  0.4  M 
KCl  (Fig.  1,  lane  3).  The  55  kDa  protein  band  was  not 
detected  by  preimmune  serum  (Fig.  1,  lane  1)  or  with 
antibodies  to  retinoic  receptor  (RARa)  (26)  (Fig.  1,  lane 
5),  progesterone  receptor  (37)  or  with  monoclonal  anti¬ 
bodies  directed  to  various  regions  of  ER  (1,40)  (data  not 
shown),  suggesting  that  NMT-1  recognizes  an  epitope  on 
_this  novel  protein.  Preincubation  of  the  antibody  with  the 
peptide  (amino  acid  140-154  of  human  ER)  effectively 
inhibited  the  binding  of  the  antibody  to  this  protein,  as 
shown  by  the  absence  of  the  immunoreactivity  (Fig.  1, 
lane  2).  This  protein  was  detected  only  in  nuclear  KCI- 
extracts  but  not  in  low-salt  cytosolic  extracts  (Fig.  1,  lane 
4)  suggesting  that  this  protein  is  tightly  bound  to  nuclear 
components.  The  inability  of  the  monoclonal  antibody 
NMT-1  to  detect  ER  after  SDS/PAGE  was  confirmed  by 
using  ER  specific  antibodies  that  detect  ER  in  the  same 
blots  (data  not  shown).  This  suggests  that  NMT-1,  while 
it  detects  nmt55  protein,  failed  to  detect  ER  on  Western 
blots  because  its  epitope  on  ER,  once  denatured  by  SDS, 


could  not  be  renatured  under  these  Western  blot  condi¬ 
tions. 

To  investigate  if  nmt55  is  conserved  among  various 
species  and  to  determine  its  distribution  in  nuclear  ex¬ 
tracts  from  various  tissues  and  cells,  we  analyzed  nuclear 
extracts  derived  from  various  tissues  and  cells  by  West¬ 
ern  blots.  As  shown  in  Figure  2,  nnit55  was  detected  in 
nuclear  extracts  of  porcine  brain,  rat  liver,  spleen,  testes, 
and  uterus.  This  protein  was  present  in  MCF-7  cells,  and 
in  B16  melanoma  cells.  This  protein  was  not  detectable 
in  CHO  cells  and  was  detected  in  prostate,  kidney,  and 
bladder,  albeit  at  a  lower  abundance.  We  have  also  tested 
if  this  protein  is  expressed  in  normal  mammary  gland. 
Analysis  of  nuclear  extracts  of  two  tissue  specimens 
from  a  normal  breast  by  Western  blot  demonstrated  the 
expression  oi nmt55  (data  not  shown).  Also,  immunohis- 
tochemical  analysis  of  normal  rat  mammary  gland 
showed  positive  staining  within  the  epithelial  and 
stroma,  suggesting  that  this  protein  is  expressed  in  nor¬ 
mal  mammary  gland  cells  (data  not  shown).  These  ob¬ 
servations  suggest  that  this  protein  is  conserved  among 
species  and  its  presence  in  many  normal  tissues  indicate 
that  it  may  have  an  important  biological  function. 


Tumor  Pathologic  Characteristics 

The  tumors  analyzed  were  obtained  from  63  patients 
who  underwent  surgery  for  treatment  of  breast  cancer. 
The  mean  age  of  patients  was  61.5  years  (SD  ±  15.8) 
with  a  range  of  30-95  years.  The  racial  composition  of 
the  patients  in  this  study  was  40  (87%)  white,  4  (8.7%) 
black,  2  (4.3%)  hispanics,  and  18  (28.5%)  of  unknown 
race.  Fifty-two  (83.9%)  of  62  tumors  were  characterized 
as  infiltrating  ductal  carcinoma,  6  (9.7%)  were  infiltrat¬ 
ing  lobular  carcinoma,  2  (3.2%)  were  ductal  carcinoma 
in  situ,  1  (1.6%)  lobular  carcinoma  in  situ,  and  one  was 
inflammatory.  The  distribution  of  tumors  based  on  size 
was  as  follows:  3.4%  were  between  0-0.9  cm,  52.5% 
between  1-1.9  cm,  33.9%  between  2-4.9  cm  and  10.2% 
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FIG.  4.  Northern  blot  analysis  of  nmt55 

<18s  MCF-7  cells  and  human 

breast  tumors.  Total  RNA  prepared  from 
MCF-7  cells  (Lane  M)  or  from  human 
breast  tumor  tissue  (lanes  1-5)  was  ana¬ 
lyzed  by  northern  blots  as  described  in 
“Materials  and  Methods."  GAPDH  was 
probed  to  indicate  levels  of  RNA  loading. 

<18s 


were  5=5  cm.  Tumor  stage  and  grade  were  available  for 
48  and  47  of  the  63  patients,  respectively.  Approximately 
44%  of  tumors  were  stage  I,  33%  were  stage  IIA  or  IIB 
and  22.9%  were  stage  IIIA  or  higher.  Six  of  47  tumors 
were  classified  as  grade  I,  24  were  classified  as  grade  2, 
and  17  were  classified  as  grade  3. 

Expression  of  ER,  PR,  and  nmtSS  in  Human 
Breast  Tumors 

Using  Western  blot  analysis  (Fig.  3),  we  have  ana¬ 
lyzed  the  nuclear  KCl-extracts  of  63  human  breast  tu¬ 
mors  for  the  presence  or  the  absence  of  nmt55.  We  have 
also  measured  ER  and  PR  content  in  cytosolic  extracts  of 
these  tumors.  We  have  also  reviewed  the  pathology  re¬ 
cords  of  these  63  patients,  as  discussed  above  and  per¬ 
formed  statistical  analysis  to  determine  if  nmt55  is  asso¬ 
ciated  with  expression  of  biochemical  markers  (ER  and 
PR)  and  pathologic  characteristics.  All  tumors  which  ex- 
.pressed  nmt55  were  ER+  (100%),  whereas  60%  of  tu- 
ihbfs  lacking  n/nr55  were  ER+  (p  =  0.001).  Similarly, 
all  tumors  expressing. /im/55  were  PR+  (100%)  compared 
to  62.5%  of  tumors  (PR+)  in  which  nmt55  was  absent  (p 
=  0.001).  The  mean  tumor  size  was  significantly  greater 
(mean  =  2.7  cm)  in  tumors  lacking  nmtSS  protein,  than 
those  in  which  nmt55  was  present  (mean  =  1.8  cm)  (p 
=  Q.036).  The  tumor  hormone  phenotype  varied  signifi¬ 
cantly  by  hormone  status  (p  =  0.00 1)  and  all  tumors 
expressing  nmt55  were  ER+/PR+.  Of  tumors  lacking 
nmt55  40%  were  ER+/PR-1-,  20%  were  ER+/PR-,  17.5% 
were  ER~/PR“  and  22.5%  were  ER-/PR+. 

In  order  to  predict  the  absence  of  nmt55  using  the 


biochemical  and  pathologic  data  available,  the  logistic 
regression  analyses  was  limited  to  45  patients  from 
which  most  of  the  available  information  was  collected. 
The  model  included  the  following  determinants:  PR,  ER, 
tumor  size,  and  tumor  stage.  Tumor  type  was  not  in¬ 
cluded  in  the  model  because  the  majority  of  tumors  were 
infiltrating  ductal  carcinoma  (83.9%).  Tumor  grade  was 
also  not  included  due  to  uneven  distribution  in  this  lim¬ 
ited  sample  size.  PR  concentration  independently  and 
inversely  predicted  the  loss  of  nn\t55  protein  expression, 
after  adjusting  for  tumor  size  and  tumor  stage  (p  = 
0.014),  This  implies  that  as  PR  concentration  decreases 
the  likelihood  of  loss  of  nmt55  increases. 

Because  loss  of  ER  expression  and/or  function  corre¬ 
lates  with  poor  tumor  differentiation  (18-20),  it  is  pos¬ 
sible  that  loss  of  nmt55  expression  represents  poor  tumor 
differentiation.  These  observations  suggest  that  loss  of 
nmt55  expression  may  be  associated  with  tumor  dedif¬ 
ferentiation,  loss  of  ER  and  PR  expression  and  possibly 
tumor  metastases  (18-20).  Thus,  understanding  of  the 
role  of  this  protein  in  breast  cell  growth  and  function 
requires  detailed  studies  to  determine  its  biological  and 
biochemical  function.  As  a  first  step  towards  this  goal, 
we  have  pursued  cDNA  cloning  and  characterization  of 
nmt55  gene  in  human  breast  cancer  cells. 

Cloning  of  nmtSS  From  MCF-7  cDNA  Library 

Two  clones  were  isolated  and  sequenced;  one  repre¬ 
sented  a  full-length  2.5  kb  clone  and  a  1.7  kb  clone  that 
was  an  internal  fragment  of  the  2.5  kb.  The  2.5  kb  cDNA 
encompassed  115  bp  5'  untranslated,  a  1,416  bp  open 
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FIG.  5.  Southern  blot  analysis  of  nmt55  genomic  DNA. 
Genomic  DNA  isolated  from  human  placenta  was  di- 
qested  with  EcoRI  (lane  1).  Hindlll  (lane  2)  Pstl  (lane  3) 
and  Ncol  (lane  4)  and  electrophoresed  on  1%  agarose 
qels.  The  DNA  was  transferred  onto  nylon-reinforced  ni¬ 
trocellulose  and  hybridized  with  the  radiolabeled  probe  (a 
499  bp  Sacl/Bglll  cDNA  fragment).  Subsequent  to  high- 
stringency  washes  the  blot  was  dried  and  exposed  to  x- 
ray  film  The  size  of  the  radiolabeled  bands  was  deter¬ 
mined  by  molecuiar  weight  markers  (Lambda  DNA  di¬ 
gested  with  Styl). 


reading  frame,  and  -970  bp  of  3'  untranslated  sequence 
terminating  in  poly  A.  The  open  reading  frame  was  pre¬ 
dicted  to  encode  a  471  amino  acid  protein  (54,197  Da), 
in  good  agreement  with  the  observed  55  kDa  apparent 
molecular  weight  determined  by  Western  blots  from 
nuclear  KCl  extracts.  No  unique  sequences  were  identi¬ 


fied  with  homology  to  ER,  except  5  amino  acids  (Ala  Ala 
Pro  Gly  Ala)  which  were  found  in  the  C-terminal  region 
of  nmt55  and  represent  the  epitope  of  NMT-1  (see  be¬ 
low). 


Characterization  of  nmtSS  mRNA  Expression  by 
Northern  Blot  Analysis 

Figure  4  (lane  M)  shows  that  MCF-7  cells  express  a 
relatively  abundant  2.6  kb  mRNA  transcript  for  nmtSS. 
Analysis  of  total  RNA  from  five  ER+/PR+  human  breast 
tumors  (lanes  1-5)  demonstrated  different  levels  of  nmt- 
55  mRNA  expression.  The  low  levels  of  expression  ob¬ 
served  in  tumors  represented  by  lanes  1  and  2  are  not  due 
to  different  RNA  loading,  since  GAPDH  mRNA  levels 
were  similar  for  all  tumor  samples.  In  preliminary  ex¬ 
periment,  tumors  that  were  ER-  and  PR-  did  not  express 
detectable  nmtSS  transcripts  (data  not  shown).  The  tu¬ 
mors  used  in  these  experiments  also  expressed  different 
levels  of  nmtSS  protein,  as  determined  by  Western  blot 
analysis  (data  not  shown). 

Southern  Blot  Analysis 

Human  female  placental  genomic  DNA  was  digested 
with  EcoRI  (Figure  5,  lane  1),  Hindlll  (lane  2),  Pstl  (lane 
3)  and  Ncol  (lane  4)  and  probed  with  a  499  bp  Sacl/Bglll 
cDNA  fragment.  The  product  of  EcoRI  digestion  hybrid¬ 
ized  to  a  single  2.3  kb  band,  suggesting  the  presence  of 
a  single  copy  of  this  gene.  Deoxyribonucleic  acid  di¬ 
gested  with  Hindlll  showed  three  bands  (3.5, 2.3,  and  0.7 
kb)  despite  the  presence  of  a  single  Hindlll  site  in  the 
cDNA  approximately  330  bp  3'  to  the  probe.  This  sug¬ 
gests  the  presence  of  one  or  more  intervening  sequences 
Tn  this  region.  This  observation  is  further  supported  by 
the  hybridization  products  subsequent  to  digestion  with 
Pstl  (-4.4, 3.2,  and  1.4  kb),  since  Pstl  site  is  absent  in  the 
cDNA.  Digestion  with  Ncol  resulted  in  hybridimon  to 
a  2.9  and  1.1  kb  bands.  Since  the  two  Ncol  sites  pre¬ 
dicted  from  the  cDNA  sequence  flank  the  probe  and 
would  be  expected  to  yield  only  a  0.96  kb  fragment,  the 
hybridization  pattern  obtained  suggests  that  the  2.9  and 
1 . 1  kb  bands  must  be  the  result  of  intervening  sequences. 

Structural  Features  of  nmtSS  Protein:  Amino  Acid 
Sequences,  Location  of  the  RNA  Binding  Domains 
and  Antibodies  Binding  Epitopes 

The  amino  acid  sequence  of  nmtSS,  deduced  from  the 
cDNA,  is  shown  in  Figure  6.  Several  interesting  featuers 
are  noted;  glutamine-  and  histidine-rich  regions  (Q/H) 
located  in  the  amino  terminus  (residues  19-35);  a  pre¬ 
dicted  bipartite  RNA  binding  domain  (RBD),  residues 
75-147 -and  149-228;  a  putative  helix-tum-helix  motif 
(HTH),  residues  287-335;  and  a  region  rich  in  acidic 
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GCT  GAA  TTT  GCC  CCA  AAC  AAA  CGT  CGC  CGA  TAC  TAA 
AEFAPNKRRRY* 


FIG.  6.  Schematic  representation  of  nmf55  cDNA  and  the  predicted  amino  acid  sequence. 
The  locations  of  the  glutamine-  and  histidine-rich  region  (Q/H),  the  RNA  binding  domain 
(RBD),  the  helix-turn-helix  mofit  (HTH),  the  acidic/basic  residues  region  (A/B)  are  indicated. 
The  499  bp  Sacl/Bglll  fragment  used  as  a  probe  for  Northern  and  Southern  blots  is  also 
shown.  The  peptide  sequences  used  to  develop  antibodies  were  underlined. 
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FIG.  7A.  Homologies  between  nmtSS  RNA  recognition  motif  and  other  related  proteins. 
FIG.  7B.  Homologies  between  nmtSS  helix-turn-helix  motif  and  other  related  proteins. 


(glutamic)  and  basic  (arginine)  residues  (A/B)  extending 
from  residue  318  to  residue  368.  These  structural  fea¬ 
tures,  together  with  its  nuclear  localization,  suggest  that 
this  protein  may  play  a  role  as  a  nucleic  acid  binding 
protein  (42). 

When  the  open  reading  frame  was  screened  against  the 
GenBank  database,  two  clones  of  high  homology  were 
found,  one  murine  (42)  and  one  human  (4).  One  of  these 
clones  isolated  from  HeLa  cells  has  high  homology  to 
PSF  family  of  RNA  splicing  factors  and  contains  a  bi- 
■p^ite  RNA  binding  motif  (23,24).  The  murine  candi¬ 
date  had  high  homology  to  the  OCr-2  family  of  tran¬ 
scription  factors  as  well  as  RNA  binding  motifs.  As 
shown  in  Figure  7A,  the  RNA  recognition  motifs  of 
nmt55  share  considerable  homologies  with  those  of 
HeU  p54'^  (4)  PSF  (24),  NonO  (42)  and  NonA/BJ6 
(28).  Also,  nmtSS  has  a  homologous  region  in  the  pre¬ 
dicted  helix-turn-helix  motif  with  HeLa  p54""'’,  and 
NonO  (Figure  7B). 

Using  the  deduced  amino  acid  sequence,  we  have  de¬ 
veloped  two  new  polyclonal  antibodies  to  nmtSS;  one 
antibody  (NMT-4)  raised  to  a  peptide  in  the  N-terminal 


region  that  encompasses  amino  acids  56-72  of  nmtSS 
and  another  antibody  (NMT-5)  raised  to  a  peptide  in  the 
carboxyl  terminal  region  and  spans  amino  acids  371—386 
of  nmiSS.  The  peptides  were  chosen  to  avoid  cross¬ 
reactivity  of  the  generated  antibodies  with  other  RNA 
binding  proteins  that  share  homology  with  nmtSS  (e.g. 
PSF).  Western  blot  analysis  showed  that  only  one  band 
was  detected  with  these  antibodies  when  nuclear  extracts 
from  MCF-7  cells  and  human  breast  tumors  were  tested 
(data  not  shown).  These  antibodies  should  be  useful  in 
developing  enzyme-linked  immunosorbent  assay 
(ELISA)  sandwich  assays  for  routine  and  quantitative 
detection  of  this  protein  in  human  breast  tumors  nuclear 
extracts.  Immunocytochemical  analysis  of  rat  mammary 
gland  tissues  showed  only  nuclear  localization  in  both 
epithelial  and  stromal  cells  (data  not  shown). 

Chromosomal  Mapping  with  the  FISH  Method. 

Seventy-four  of  100  mitotic  figures  showed  signal  on 
one  pair  of  the  X  chromosome  (Figure  8,  panels  A  and 
B).  Since  DAPI  was  used  to  identify  the  specific  chro- 
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FIG.  3.  Chromosomal  location  of  nmtSS  gene. 
Ruorescent  in  situ  hybridization  (FISH)  map¬ 
ping  of  nmtSS  gene  showed  signals  on  chro¬ 
mosome  X  (Panel  A).  Mitotic  figures  stained 
with  DAPI  are  shown  in  Panel  B). 


mosomes,  the  assignment  between  signal  form  the  cDNA 
probe  and  the  long  arm  of  chromosome  X  was  obtained. 
The  detailed  position  of  the  nmt55  gene  was  further  as¬ 
sessed  from  the  summary  analyses  of  10  photographs, 
and  was  assigned  to  the  long  arm  of  chromosome  X  ql3, 
as  depicted  in  Figure  9.  We  did  not  detect  additional  loci 
for  nmt55  using  the  FISH  method. 

DISCUSSION 

In  this  study  we  have  identified  and  characterized  a  55 
kDa  protein  (nmtSS)  using  a  site-directed  monoclonal 
antibodies  to  a  unique  peptide  derived  from  human  ER. 
Although  NMT-1  monoclonal  antibody  was  raised 
against  a  peptide  from  ER,  NMT-1  failed  to  react  with 
-denatured  ER  in  Western  blot  analyses.  This  observation 
suggests  that  the  epitope  for  this  antibody  on  ER  is  very 
sensitive  to  conformational  changes,  and  once  denatured 
by  SDS  it  could  not  be  recognized  in  ER.  In  contrast,  this 
epitope  appears  to  be  stable  or  capable  of  renaturation  in 
nmtSS,  as  demonstrated  by  consistent  detection  by  West¬ 
ern  blot  analyses.  Nuclear  protein  nmtSS  did  not  bind 
estradiol,  and  did  not  cross-react  with  antibodies  specific 
to  ER  (1,40).  These  observations  suggested  that  nmtSS 
was  not  an  ER  variant.  It  also  did  not  associate  with  ER, 
as  assessed  by  sucrose  density  gradient  analysis  and  sub¬ 
sequent  Western  blotting.  In  addition,  nmtSS  was  local¬ 
ized  mainly  to  the  nucleus  and  is  found  in  many  tissues 


of  animal  species.  This  suggests  that  nmtSS  is  conserved 
and  may  have  an  important  role  in  cellular  regulation. 
Nuclear  protein  nmtSS  expression  was  detected  in  nor¬ 
mal  breast  tissue  biopsies,  and  in  most  ER+/PR+  breast 
tumors,  but  not  expressed  in  all  of  ER-  human  breast 
tumors.  Loss  of  ER  expression  in  human  breast  tumors  is 
often  associated  with  poor  prognosis,  while  continued 
expression  of  ER  is  associated  with  disease-free  survival 
and  correlates  well  with  tumor  state  of  differentiation 
(18-20).  It  is  possible  that  the  loss  of  nmtSS  expression 
in  the  majority  of  ER-  human  breast  tumors  is  related  to 
loss  of  regulation  of  normal  cellular  growth  and  function. 

Evaluation  of  tumor  pathologic  characteristics  and 
hormonal  status  and  the  relationship  with  nmtSS  expres¬ 
sion  showed  an  association  with  ER  status,  PR  status, 
tumor  hormone  phenotype,  and  mean  tumor  size.  The 
association  of  tumor  size  with  loss  of  nmtSS  expression 
suggests  that  a  possible  role  for  this  protein  in  tumor 
growth,  invasion,  or  metastases.  Since  it  has  been  pro¬ 
posed  that  tumor  size  is  an  indicator  of  tumor  metastases 
(15),  it  is  possible  that  loss  of  nmtSS  expression  in  large 
tumors  may  be  indicative  of  tumor  progression  to  me¬ 
tastases.  This  would  raise  the  possibility  that  loss  of 
nmtSS  may  be  a  potential  marker  for  tumor  metastases. 
The  PR  was  an  independent  predictor  of  nmtSS  protein 
expression.  Because  PR  is  under  estrogen  control,  it  is 
possible  that  the  observed  relationship  between  tumor 
hormonal  status  and  nmtSS  expression  is  related  to  es- 
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FIG.  9.  Diagram  of  fluorescent  in  situ  hybridization  (FiSH) 
chromosomal  location  of  nmtSS  gene.  Each  dot  repre¬ 
sents  the  double  FISH  signals  detected  on  human  chro- 
mosome  X. 

trogen  receptor  function.  Tumors  that  continue  to  express 
ER  but  not  PR  (ER+/PR-)  may  express  nonfunctional 
ER  and  that  these  tumors  are  progressing  to  a  poor  state 
of  differentiation  (6,lS-20,30). 

We  have  cloned  the  cDNA  for  nmtSS  from  a  human 
breast  tumor  cell  line.  The  predicted  open  reading  frame 
encodes  a  471  amino  acid  protein  with  a  calculated  mo- 
'-■-lecular  weight  of  54,169  Da.  The  deduced  amino  acid 
sequence  of  this  protein  indicated  that  it  is  a  basic  protein 
with  an  estimated  pi  of  9.5.  Based  on  homology  with 
other  proteins,  nmtSS  has  two  RNA  recognition  motifs 
(RRM),  suggesting  that  it  is  an  RNA  binding  protein. 
The  presence  of  a  region  with  helix-turn-helix  structure 
in  nmtSS  suggests  that  nmtSS  binds  to  DNA.  While  the 
structural  features  are  suggestive  of  RNA  binding  pro¬ 
teins  (14),  further  work  is  necessary  to  demonstrate  that 
nmtSS  indeed  binds  specifically  to  RNA. 

A  homology  search  of  the  GenBank/EMBL  databases 
identified  two  other  related  genes.  One  was  described  by 
Dong  et  al.,  (4)  cloned  from  HeLa  cells  and  another  is  a 


mouse  NonO  (42).  Nuclear  protein  nmtSS  had  amino  acid 
sequence  identity  >97  and  99%  with  NonO  (42)  and 
HeLa  p54"'’^  (4),  respectively.  Nuclear  protein  nmtSS  dif¬ 
fered  from  HeLa  p54"*  in  one  amino  acid;  in  nmtSS, 
amino  acid  151  was  Thr  while  in  HeLa  p54"*  amino  acid 
151  is  His.  The  mRNA  for  nmtSS  and  HeLa  p54''*  (4) 
detected  by  northern  blot  analysis  revealed  a  similar  size 
mRNA  (-2.6  kb).  Comparison  of  Southern  blot  analysis 
of  nmtSS  and  HeLa  p54"*  (4),  however,  revealed  subtle 
differences.  While  EcoRI  digest  of  genomic  DNA  re¬ 
vealed  a  single  2.3  kb  with  an  nmtSS  cDNA  probe, 
EcoRI  digest  of  genomic  DNA  probed  by  a  homologous 
p54"*  cDNA  probe  showed  >8.5  kb,  6  kb  and  2.3  kb 
bands  (4).  When  digested  with  PstI,  nm6S  showed  three 
bands  (-4.4,  3.2,  and  1.4  kb)  while  p54"'*’  showed  only 
two  bands  (-4.9  and  3.3  kb).  Fluorescent  in  situ  hybrid¬ 
ization  analyses  of  nmtSS  localized  the  gene  to  only  one 
chromosomal  locus  on  Xql3.  The  high  degree  of  se¬ 
quence  homology  and  the  detection  of  only  one  locus  for 
nmtSS  by  FISH  suggest  that  nmtSS  and  p54"*  are  either 
the  same  gene  or  closely  related  genes  tandemly  ar¬ 
ranged  on  Xql3. 

Although  the  role  of  nmtSS  in  cellular  function  is  un¬ 
known  at  present,  the  striking  homology  between  nmtSS 
and  HeLa  p54"*  (4),  60  kDa  murine  NonO  (42),  and  the 
PSF  (24)  suggest  that  nmtSS  may  be  a  member  of  a 
family  of  splicing  factors.  These  proteins  exhibit  con¬ 
served  bipartite  RNA  binding  domains  common  to  pro¬ 
teins  implicated  in  RNA  splicing  (4,24,42).  HeLa 
p54rnb"*  was  cloned  using  antibodies  to  yeast  splicing 
factor  PRP18  and  has  high  homology  to  PSF  and  the 
Drosophila  puff  protein  BS6-nonA‘‘‘^  (28).  NonO  is  a  60 
kDa  murine  homologue  of  Drosophila  nonA  ^  which 
has  a  bipartite  RNA  binding  motifs,  and  an  OCT-2-like 
helix-turn-helix  lacking  the  POU  domain  (42).  PSF  is  a 
100  kDa  protein  shown  to  be  essential  for  RNA  splicing, 
but  lacks  the  transcription  factor-like  domains  and  inter¬ 
acts  with  a  60  kDa  RNA  binding  protein  PTB  (8).  While 
nmtSS  and  PTB  have  similar  molecular  weights,  they 
share  little  amino  acid  homologies  (8).  Nuclear  protein, 
hnRNP-A2/Bl,  which  belongs  to  a  family  of  RNA  pro¬ 
cessing  proteins  was  shown  to  be  marker  for  detection  of 
lung  cancer  (43).  It  is  therefore,  possible  that  proteins 
involved  in  pre-mRNA  processing  may  be  important  in 
development  or  progression  of  neoplasm. 

Several  studies  have  attempted  to  elucidate  the  func¬ 
tion  of  RNA  binding  proteins  (e.g.  PSF,  PTB,  U2i^, 
Drosophila  Sex  Lethal  [SxL])  (14,32).  These  proteins 
recognize  distinct  polypyrimidine  tracts  in  the  3'  splice 
sites  of  hnRNAs.  These  proteins  are  thought  to  regulate 
alternative  splicing  by  selectively  repressing  3  splice 
sites  containing  a  binding  site  for  their  respective  RNA 
binding  proteins  (32).  It  has  been  suggested  that  proteins 
that  contain  RRM  share  a  common  fold  in  a  similar 
protein-RNA  interface,  and  may  participate  in  pre- 
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mRNA  processing  via  a  common  mechanism  of  function 
(14). 

In  summary,  loss  of  nmt55  expression  may  be  an  early 
marker  for  loss  of  ER  expression  or  function.  The  strong 
association  between  ntnt55  and  PR  expression  clearly 
indicates  that  nmt55  may  be  an  important  marker  in 
breast  cancer.  The  ER  gene  encompasses  more  than  140 
kb  and  is  subdivided  into  8  exons  yielding  a  6.32  kb 
mRNA  (25).  It  is  possible  that  nmt55  is  involved  in  pre- 
mRNA  processing  of  ER,  and  loss  of  its  expression  in 
tumor  cells  may  result  in  loss  of  ER  expression  due  to 
lack  of  proper  mRNA  splicing.  This  may  explain  tumor 
heterogeneity,  especially  with  respect  to  hormonal  inter¬ 
ventions  in  the  course  of  treatment  and  further  illustrates 
the  heterogeneity  of  this  disease.  Also,  since  loss  of 
nmt55  expression  is  associated  with  increased  tumor 
size,  it  is  possible  that  this  gene  may  be  involved  in 
tumor  metastases.  Therefore,  nmtSS  may  represent  a  new 
marker  of  tumor  progression  and  prognostic  information. 
While  the  function  of  nmt55  remains  unknown  at  pre¬ 
sent,  its  potential  role  as  a  splicing  factor  may  be  critical 
to  cell  growth  and  function  and  its  loss  of  expression  in 
human  breast  tumors  may  indicate  loss  of  normal 
growth.  The  exact  function  of  this  protein  and  the  sig¬ 
nificance  of  its  gene  location  on  the  X  chromosome  ql3 
near  the  centromere  are  currently  under  investigation.  O 
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ABSTRACT 

We  have  examined  the  expression  of  estrogen  (ER)  and  progesterone  receptors  (PR)  and  the 
distribution  of  tumor  phenotypes  as  a  function  of  age  in  breast  cancer  patients.  ER  and  PR 
concentrations  were  determined  in  tissue  biopsies  from  1739  specimens  of  patients  with  primary 
breast  cancer,  using  ligand  binding  assays.  Tumors  were  classified  as  receptor  positive  (ER+)  or 
negative  (  ER-)  and  PR+  or  PR-  based  on  the  presence  or  absence  of  receptor  binding  activity. 
Tumors  were  stratified  into  four  phenotypes  based  on  the  combined  ER  and  PR  status:  ER+  PR+; 
ER+  PR-;  ER-  PR+;  and  ER-  PR-.  Significant  positive  associations  were  found  between  ER  and 
age  (p=0.0001)  and  between  PR  and  age  (p=0.0002).  The  median  ER  levels  were  statistically 
different  age  groups,  with  the  greatest  levels  older  versus  younger  patients.  The  prevalence  of 
ER+PR+  tumor  phenotype  increased  with  age.  In  contrast,  the  prevalence  of  ER-PR-  and  ER- 
PR+  tumor  phenotypes  decreased  with  age.  The  median  PR  to  ER  ratio  decreased  with  age 
(p=0.0001)  and  this  trend  was  attributed  to  increased  ER  levels  with  age.  The  prevalence  ofER- 
PR-  and  ER-PR+  tumor  phenotypes  in  younger  patients  suggest  that  hormonal  regulation  of  ER 
gene  expression  'may  be  responsible  for  the  observed  disparity  of  tumor  phenotypes  in  breast 
cancer. 

Key  terms:  Breast  cancer,  estrogen  receptors,  progesterone  receptors,  risk. 
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mTRODUCTION 

Breast  cancer  is  the  second  leading  cause  of  cancer  death  among  women  in  the  U.S.  The 
incidence  of  breast  cancer  has  been  increasing  since  the  1980's  with  the  highest  incidence 
occurring  in  postmenopausal  women  (1-2).  It  has  been  well  documented  that  ovarian  hormones 
play  a  major  role  in  the  growth  of  breast  cancer.  Tumor  expression  of  ER  and  PR  is  associated 
with  favorable  response  to  endocrine  therapy  (3-4),  survival  (5-7),  histological  differentiation  (8- 
10)  and  is  associated  with  certain  risk  factors  for  breast  cancer  (11-12).  Of  all  the  risk  factors 
studied,  age  is  a  strong  independent  predictor  of  estrogen  receptor  levels  and  breast  cancer 
incidence  (12). 

Most  studies  on  the  effects  of  age  on  hormone  receptors  have  examined  only  the  presence 
or  absence  of  ER  and  PR  (19-22),  while  fewer  studies  addressed  the  relationship  between  age  and 
concentrations  of  ER  and  PR  .  Furthermore,  the  paucity  of  data  regarding  the  effects  of  age  on 
tumor  phenotypes  in  breast  cancer  suggests  the  need  for  better  understanding  of  the  relationship 
between  age  and  tumor  hormonal  responsiveness. 

In  this  study,  we  have  examined  the  relationship  between  age  and  ER  and  PR 
concentrations  in  a  sample  of  hospital-based  breast  cancer  patients.  Since  the  combination  of  ER 
and  PR  status  is  thought  to  characterize  tumors  with  different  clinical  outcomes  (23),  we  also 
analyzed  the  relationship  between  age  and  tumor  phenotype.  This  study  sample  included  a 
substantial  representation  of  patients  beyond  the  seventh  decade  of  life.  Further,  we  used  data 
generated  by  ligand  binding  assays,  which  unlike  the  enzyme  immunoassay  (EIA  )  or 
immunocytochemical  assays,  can  distinguish  between  functional  and  non-functional  hormone 
receptors.  Also,  all  the  data  were  generated  in  a  single  laboratory  using  one  standard  assay 
-method,  thereby  reducing  data  variations  when  compared  to  data  gathered  from  several  different 
laboratories,  in  which  different  assays  may  have  been  employed..  The  objective  of  this  study  is  to 
determine  the  effects  of  age  on  the  changes  in  the  ER  and  PR  concentrations  and  the  distribution 
of  tumor  phenotypes,  within  various  age  groups,  in  breast  cancer  patients.  Together  with  other 
prognostic  factors,  the  concentrations  of  ER  and  PR  within  a  given  tumor  phenotype,  may  serve 
as  a  better  guide  for  the  appropriate  therapeutic  modality  in  the  management  of  breast  cancer 
patients. 
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MATERIALS  AND  METHODS 
Patient  Population 

Human  breast  tumors  from  1 740  patients  were  assayed  for  ER  and  PR  content  at 
Boston  University  School  of  Medicine  Hormone  Assay  Laboratory,  between  December  1988  and 
December  1993  and  the  data  were  used  in  the  final  analyses.  All  data  were  obtained  from  primary 
breast  cancer  patients  under  going  surgery  for  treatment  of  breast  cancer  in  several  Boston  area 
hospitals.  This  study  was  approved  by  the  Institutional  Review  Board  of  Boston  University 
School  of  Medicine. 

Estrogen  and  Progesterone  Receptor  Assays 

The  concentration  of  unoccupied  ER  and  PR  were  determined  by  ligand  binding  analysis 
as  described  previously  (24).  pHJestradiol  was  used  as  a  ligand  for  ER  and  [^H]  ORG  2058  was 
used  as  ligand  for  PR  (24).  The  binding  data  were  normalized  as  femtomoles  of  specifically 
bound  ligand  per  milligram  (fmol/mg)  of  cytosol  proteins.  We  have  chosen  cut-off  values  for  ER 
as  10  fmol/mg  protein  and  for  PR  as  2  fmol/mg  proteins  since  these  value  were  reported  to  the 
American  Collage  of  Pathologists  (CAP)  as  a  part  of  our  laboratory  certification.  These  cut  off 
values  were  chosen  because  they  reflect  the  sensitivity  of  the  assays  using  ligands  with  high 
specific  activity. 

Stratification  of  Tumor  Hormonal  Phenotypes  based  on  ER  and  PR  Status 

Tumors  were  stratified  into  four  groups  according  to  their  ER  and  PR  status:  1) 

ER+PR+;  2)  ER-PR-  ;  3)  ER+PR-  ;  and  4)  ER-PR+.  Similar  stratification  was  reported  by 
others  using  ligand  binding  and  gel  shift  assay  (25).  Patients  were  stratified  into  five  age 
groups;  Group  I,  less  than  45  ;  Group  II,  45-54,  Group  III,  55-64,  Group  IV,  65-74,  and  Group 
-V,..>  74  years.  The  choice  of  this  breakdown  in  age  was  chosen  to  reflect  the  clinical  application 
of  endocrine  therapy  and  other  risk  factors  and  possible  linkage  to  clinical  trials  of  breast  cancer. 

Statistical  Analyses 

Separate  linear  regression  analyses  were  performed  to  examine  the  association  between 
age  and  ER  and  PR  concentrations.  In  addition,  for  each  age  group,  linear  regressions  were 
performed  between  ER,  PR  concentration  and  age.  Multiple  linear  regression  analyses  were  used 
to  test  the  possibility  of  a  non-linear  function  of  hormone  receptor  levels  and  age,  by  adding 
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(age)^  and  (age)^  to  the  model.  -Test  for  normality  of  the  distribution  of  ER  and  PR  levels  was 
performed.  A  nonparametric  test  (Kruskal-Wallis  test)  was  used  to  compare  the  median  values  of 
ER  and  PR  by  age  groups  Chi-square  analysis  was  used  to  examine  differences  in  age  and  the 
combined  ER  and  PR  status  of  tumors.  For  tumors  with  ER+PR+  status,  the  ratio  of  PR  to  ER 
was  calculated  for  each  age  group  and  analysis  of  variance  was  used  to  compare  the  median 
PR/ER  ratios,  as  well  as  the  median  ER  and  PR  levels,  by  age  group.  .All  statistical  analyses  were 
performed  using  mainframe  SAS  version  6.10  at  the  Boston  University  Medical  Center. 

RESULTS 

This  study  examined  the  estrogen  and  progesterone  receptor  content  of  tumors  from  173 
breast  cancer  patients  who  underwent  surgery  for  treatment  of  breast  cancer.  The  mean  age  of 
patients  was  64  (range  18-106  years),  and  after  stratification  of  age,  there  were  219  patients 
.  (13%)  less  than  45  years  of  age;  266  patients  (15%)  between  ages  45  and  54  years;  330  patients 
(19%)  between  ages  55  and  64  years;  469  patients  (27%)  between  ages  65  and  74  years;  and  455 
(26%)  above  the  age  of  74  years. 

Analyses  of  ER  and  PR  expression  and  content  in  tumors  from  patients  with  various  age 
using  simple  linear  regression  analysis  showed  a  highly  significant  positive  association  between 
ER  and  age  (p  =  0.0001,  r=0.26,  slope  =  2.90)  and  PR  and  age  (  p  =  0.0002,  r=0.09,  slope  = 

1 .77).  The  possibility  of  a  non-linear  relationship  between  age  and  either  ER  or  PR  was  tested , 
however,  we  did  not  find  statistically  significant  associations  by  multiple  linear  regression  analysis. 
The  normality  test  of  the  distribution  of  ER  and  PR  levels  did  not  show  evidence  for  normality, 
therefore  we  used  the  median  values  for  ER  and  PR  and  PR/ER  ration  rather  than  the  means  in  all 
statistical  comparisons.  When  analyzed  by  the  Kruskal-Wallis  test,  the  median  ER  increased 
with  age  (Table  1),  and  the  medians  were  statistically  different  across  age  groups  (Chi  square 
1 56.7;  p=  0.0001).  The  mean  and  median  values  for  PR  were  statistically  significant  across  age 
groups  (Chi  square  18.86,  p=.0008  ).  However,  the  patterns  were  different  between  these  two 
receptors  across  age  groups  (Table  1 ;  Figure  5).  Chi-square  analyses  showed  statistical 
significance  (X^  =  67.4,  p  <  0.001 )  when  age  group  were  cross  tabulated  with  tumor  phenotype 
(combined  ER  and  PR  status).  Overall,  ER+PR+  (1200/1739)  phenotype  was  the  most  prevalent 
(69%),  followed  by  ER-PR+  (338/1739)  or  (19%);  7%  were  ER-PR-  and  5%  were  ER+PR- . 
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The  prevalence  of  ER+PR+  tumors  increased  with  age,  reaching  80%  in  the  >74  year  age 
group  (Fig.  1).  For  ER-PR+  tumors  (Fig.  2)  and  ER-PR-  tumors  (Fig.  3)  a  decreasing  trend  in  age 
group  specific  prevalence  was  observed.  Among  ER+PR-  tumors  but  no  consistent  trend  was 
observed  (Fig.  4). 

It  is  well  recognized  that  PR  synthesis  is  under  estrogen  regulation.  For  this  reason,  we 
examined  the  effects  of  age  on  PR  expression.  The  ratio  of  PR  to  ER  was  calculated  as  a 
function  of  age  (1200  subjects)  only  for  the  ER+PR+  tumors  .  Regression  analysis  showed  a 
statistically  significant  negative  association  (p  =  0.0001,  r  =  0.21,  slope  =  -0.06)  between  the 
PR/ER  ratio  and  age.  The  median  PR/ER  ratios  were  compared  by  age  groups  (  Table  2;  Fig.  5) 
and  were  statistically  different  (X^  =106.32,  p=  0.0001).  To  determine  which  hormone  receptor 
had  a  stronger  influence  on  the  observed  changes  in  the  PRTER  ratio  with  age,  the  median  for  ER 
and  PR  levels  were  compared  by  age  groups  (Table  2).  The  same  linear  trend  was  observed  for 
ER+PR+  tumors;  median  ER  concentrations  increased  with  age  were  statistically  different  across 
age  groups  (Chi  square  =129.9;  p  =  0.0001).  Comparisons  of  median  PR  levels  by  age  group  did 
not  show  a  linear  trend,  and  was  not  statistically  different  across  age  groups  (Chi  square  =  6.82; 
p=0.1457). 

The  slopes  obtained  from  the  linear  regressions  of  ER  and  PR  with  age  were  plotted 
versus  age  groups  (Fig.  6).  The  slope  for  ER  was  smallest  in  the  younger  patients  (<45  years) 
and  greatest  in  patients  aged  45-54  years,  and  declines  thereafter.  In  contrast,  the  slopes  for  PR 
were  greatest  in  the  younger  patients,  least  in  45-54  age  group,  and  shows  a  similar  trend  as  ER  in 
the  older  patients. 

DISCUSSION 

The  goal  of  this  study  was  to  investigate  the  age  related  changes  in  the  concentrations  and 
status  of  ER  and  PR  in  human  breast  tumors.  Data  from  this  study  provide  evidence  that  ER 
and  PR  concentrations,  as  well  as  tumor  hormonal  phenotypes,  are  significantly  associated  with 
age.  The  median  ER  level  was  greater  in  older  patients  compared  to  younger  patients  suggesting 
changes  in  the  regulation  of  ER  expression.  This  may  be  interpreted  as  increased  availability  of 


unoccupied  ER  binding  sites  due  to  lower  levels  of  circulating  estrogens  in  postmenopausal 
patients  or  to  regulation  by  endocrine  hormones.  The  decreased  levels  of  ER  in  tumors  from 
younger  patients  are  attributed  to  down-regulation  of  ER  expression  by  progestins  or  other 
endocrine  hormones.  It  is  unlikely  that  the  observed  prevalence  of  ER-  tumors  in  the  younger 
patients  is  due  to  occupancy  of  ER  by  circulating  estrogens  in  these  pre-menopausal  patients, 
since  immunochemical  analyses  (8)  which  detect  occupied  and  unoccupied  ER  correlated  well 
with  ligand  binding  studies.  This  suggests  that  loss  of  ER  expression  is  a  consequence  of 
regulation  of  ER  in  tumors  of  premenopausal  patients. 

The  point  of  inflection  of  the  median  PR  concentration  at  the  45-54-year  age  group  may 
reflect  biological  changes  occurring  in  the  perimenopausal  years,  as  reported  previously  (23,28). 
Also  the  slopes  of  PR  with  age  reflected  this  physiopathological  changes  during  the  peri¬ 
menopausal  years.  We  speculate  that  breast  cancer  may  be  a  disease  with  a  dichotomous  nature 
represented  by  hormonal  insensitive  tumors  in  the  premenopausal  patients  and  hormone 
dependent  tumors  in  the  postmenopausal  patients.  The  observation  that  PR/ER  ratio  was 
greatest  in  younger  patients  and  least  in  older  patients  is  attributed  to  decreased  levels  of  ER  in 
younger  patients  and  increased  ER  in  older  patients.  In  contrast,  the  smaller  PR/ER  ratio  in 
patients  55  years  or  older  can  be  explained  by  the  increased  ER  levels.  Whether  increased  ER 
concentration  in  older  patients  is  due  to  increased  expression  of  ER  or  to  availability  of 
unoccupied  sites  due  to  decreased  circulating  levels  of  estrogens  remains  unclear.  Progesterone 
is  known  to  down-regulate  ER  expression.  Thus,  it  is  possible  that  plasma  progestins  levels  are 
reduced  in  older  patients  and  progesterone  may  not  down-regulate  ER  expression.  Because  ER 
regulates  PR  expression,  the  reduced  levels  of  circulating  estrogens  in  this  older  group  may  not 
induce  PR  expression. 

Normal  breast  cells  express  reduced  levels  of  ER  and  PR.  The  transformation  of  normal 
cells  into  neoplastic  cells  may  lead  to  retention  or  loss  of  expression  of  regulatory  proteins  such  as 
ER  and  PR.  The  ability  of  tumor  cells  to  retain  expression  of  regulatory  proteins  reflects  the  state 
of  tumor  differentiation  (10,13,  15-17).  Thus,  during  tumor  growth  and  progression,  four 
possible  hormonal  phenotypes  may  emerge.  Tumor  cells  that  retain  ER  and  PR  expression 
remain  ER+  and  PR+  and  are  expected  to  remain  differentiated.  Tumor  progression  may  lead  to 
loss  of  expression  of  ER  and  PR  leading  to  an  ER-  and  PR-  phenotype  with  some  de¬ 
differentiation.  Progression  of  tumors  from  ER+  PR+  phenotype  to  ER-  PR+  or  ER+  PR- 
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suggests  that  loss  of  expression  of  regulatory  proteins  and  this  may  reflect  varying  stages  of 
tumor  differentiation. 

The  increased  prevalence  of  ER+PR+  tumor  phenotype  with  age  may  be  attributed  to  up- 
regulation  of  ER  expression  by  decreased  circulating  levels  of  endocrine  hormones.  The  decrease 
in  the  prevalence  of  ER-  PR-  and  ER-  PR+  tumor  phenotypes  with  age  may  represent  a  different 
mechanism  of  regulation  of  ER  expression  when  endocrine  hormones  are  altered  with  age  (30). 
Thus  the  progression  of  tumor  phenotype  from  ER+  PR+  to  ER-  PR-  may  be  the  result  of  tumor 
cell  de-differentiation  in  response  to  other  endocrine  factors  or  a  manifestation  of  tumor 
progression  to  acquire  growth  advantages,  becoming  less  dependent  on  estrogens.  Fine  needle 
aspirate  studies  (30,3 1)  of  normal  and  breast  cancer  tissue  in  premenopausal  women  have  shown 
that  in  normal  subjects,  ER  synthesis  is  cyclic  and  is  mainly  produced  while  plasma  estrogen  and 
progesterone  concentrations  are  reduced  (during  the  early  follicular  phase).  In  contrast  to  normal 
breast  tissue  where  estrogen  levels  may  regulate  ER  expression,  in  older  patients,  ER  expression 
in  breast  cancer  tissue  may  occur  constitutively.  Hence,  among  premenopausal  patients, 
information  on  the  menstrual  cycle  stage  at  the  time  of  biopsy  may  be  important  in  understanding 
the  possible  effects  on  tumor  hormonal  sensitivity. 

The  discordant  tumors  (ER+PR-  and  ER-PR+)  are  not  clearly  defined.  Tumors  with  ER- 
PR+  phenotype  were  found  mostly  in  the  <55  year  age  group,  and  the  prevalence  decreases  with 
age.  This  may  be  explained  by  other  factors,  such  as  the  use  of  oral  contraceptives,  higher  plasma 
estradiol  levels  due  to  use  of  estrogen  replacement  therapy  in  the  postmenopausal  groups,  or  by 
cyclic  changes  in  plasma  estradiol  and  progesterone  levels  in  premenopausal  women.  These 
observations  are  in  agreement  with  previous  reports  (23,  26-29). 


The  presence  of  tumor  phenotypes  with  ER+  PR-  may  represent  the  expression  of  non¬ 
functional  ER  in  such  tumors  (  25,32,33,34).  PR  expression  is  dependent  on  ER  function,  thus 
lack  of  expression  of  PR  is  attributed  to  the  presence  of  ER  which  has  the  ability  to  bind  the 
hormone  but  elicits  no  biological  function.  Similarly,  the  presence  of  the  ER-  PR+  tumor 
phenotype  may  represent  the  expression  of  ER  with  an  altered  hormone  binding  domain  but  which 
remains  biologically  active.  Indeed  such  phenotypes  have  been  described  (25,32,34).  The 
prevalence  of  ER+  PR-  tumors  did  not  exhibit  any  consistent  trend  with  age,  and  perhaps  the 
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results  are  an  effect  of  confounding  by  other  risk  factors  for  breast  cancer.  Another  explanation 
may  be  that  ER+PR-  tumors  represent  a  transition  phase  in  cell  differentiation  or  a  stage  in  the 
growth  of  breast  cancer.  These  tumors  may  also  characterize  the  population  of  breast  cancer 
patients  that  do  not  respond  to  endocrine  therapy  due  to  the  presence  of  dysfunctional  ER.  Since 
there  are  significant  differences  in  the  prevalence  of  tumor  phenotype  among  the  various  age 
groups,  it  is  likely  that  lack  of  ER  expression  or  function  is  associated  with  disease  progression 
and  tumor  phenotypic  changes  with  age.  We  were  unable  to  correlate  these  finding  with  other  risk 
factors  (e.g.  family  history,  age  at  menarche,  parity)  for  these  breast  cancer  patients  because  the 
data  regarding  these  risk  factors  were  inaccessible. 

ER  content,  coupled  with  PR  levels,  provides  a  useful  prognostic  index  in  patients  with 
metastatic  disease,  and  is  associated  with  disease-free  survival  (15-17).  However,  approximately 
65%  of  all  patients  with  ER+  tumors  respond  to  hormonal  intervention  (15-17).  The  lack  of 
response  to  hormonal  interventions  in  approximately  one-third  of  all  patients  with  ER+  tumors 
may  be  attributed,  at  least  in  part,  to  the  presence  of  nonfunctional  ER  or  the  inability  of  ER  to 
recruit  other  transcriptional  activation  factors.  The  observations  that  several  tumor  phenotypes 
exist  based  on  ER  and  PR  status,  suggest  that  it  is  likely  that  tumors  exhibiting  ER+PR- 
phenotype  express  significantly  lower  concentrations  of  ER  than  tumors  exhibiting  ER+PR+ 
phenotypes,  and  this  may  indicate  different  degrees  of  cell  differentiation  associated  with  each 
phenotype. 

The  discrepancies  in  the  prevalence  of  tumor  phenotypes  between  our  studies  and  others, 
may  he  attributed  to  limitations  of  receptor  assay  techniques,  choice  of  different  cut-off  values  for 
ER  and  PR  status,  or  the  age  distribution  of  the  population  studied.  Further,  other  factors  such  as 
tumor  tissue  procurement  and  handling,  assay  conditions,  previous  radiotherapy  treatment  prior  to 
surgery  or  treatment  with  antiestrogens  prior  to  surgery  may  affect  the  values  of  ER  and  PR.  Our 
study  confirms  and  extends  the  observations  made  in  previous  reports  (5,9,13,23,28)  in  which 
ER+PR+  tumors  were  shown  to  be  most  prevalent  in  older  age  groups.  However,  our  study 
shows  that  ER-PR-  tumors  were  less  prevalent  with  age,  contrary  to  other  reports  (29).  In 
addition,  the  issue  of  referral  bias  in  hospital  versus  community-based  populations  may  have 
influenced  our  results,  yet  one  study  (12)  found  similar  outcomes  between  the  two  types  of 
samples.  Additional  prospective  studies  are  needed  to  address  the  question  of  whether  the  four 
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tumor  phenotypes  represent  multiple  forms  of  cancer  or  different  stages  in  the  de-differentiation 
process  of  one  form  of  cancer. 
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TABLE  1 

MEAN  AND  MEDIAN  ER  AND  PR  CONCENTRATIONS  (fmol/mg)  BY  AGE  GROUP 

FOR  ALL  TUMORS  (N=1739) 


Age  Group 

(years) 

N 

MEANER 

MEDIAN  ER 

MEANER 

MEDIAN 

<45 

219 

36.3 

•T4 

126.7 

31 

45-54 

266 

69.4 

19 

136.6 

39 

55-64 

330 

105.1 

37 

115.5 

25.5 

65-74 

469 

124.6 

62 

156.5 

36 

>74 

455 

159.7 

92 

191.3 

54 

Kruskal-Wallis  Chi  square  =  156.73,  p=0.0001  for  median  ER  values.. 
Kruskal-Wallis  Chi  square  =  18.85,  p=0.0008  for  median  PR  values.. 


TABLE  2 


Median  of  PR,  ER  AND  PR/ER  RATIO  IN  ER+PR+  Tumors 

BY  Age  Group  (1200  Patients) 


Age  Group 

N 

MEDIAN  ER 

MEDIAN  PR 

MEDIAN  PR/ER 

(years) 

(fmol/mg) 

(fmol/mg) 

<45 

122 

34 

108 

3.1 

45-54 

159 

49 

98 

1.7 

55-64 

223 

87 

64 

0.9 

65-74 

334 

104 

83.5 

0.8 

>74 

362 

138 

83 

0.83 

Kruskal-Wallis  Chi  square  =129.9,  p=0.0001,  for  ER  values. 
Kruskal-Wallis  Chi  square  =6.82,  p=0.1497,  for  PR  values. 

Kruskal-Wallis  Chi  square  =106.3,  p=0.0.0001,  for  median  PR/ER  ration. 


Figure  1.  Prevalence  of  ER+PR+  in  breast  cancer  patients  of  various  age  groups. 
(n=1200  patients), 


<45 


ER+/PR+ 


AGE  GROUP 


35 


ER7PR+ 


<45  45-54  55-64  65-74  >74 


AGE  GROUP 


%  OF  AGE  GROUP 


9 


ER-/PR 


<45  45-54  55-64  65-74  >74 


AGE  GROUP 


%  OF  AGE  GROUP 


ER+/PR 


<45  45-54  55-64  65-74  >74 


AGE  GROUP 


MEDIAN  ER  AND  PR  LEVELS 


Linear  regression  analyses  slopes  for  ER  and  PR 


CJ '  A  v-d  C'f 


Aberrant  NF-kB/RcI  Expression  and  the  Pathogenesis  of  Breast  Cancer 


Mika  A.  Sovak*,  Robert  E.  Bellas®,  Dong  W.  Kim®,  Gregory  J.  Zanieski®,  Adriaime  E. 
Rogers*,  Abdulmaged  M.  Traish®  and  Gail  E.  Sonenshein®^ 


from  the  Departments  of  Pathology  and  Laboratory  Medicine*  and  Biochemistry®,  and  the 
Program  in  Research  on  Women's  Health,  Boston  University  School  of  Medicine,  80  East 
Concord  Street,  Boston,  MA  02118 


Running  Title:  NF-KB/Rel  Expression  in  Breast  Cancer 


"'^Corresponding  author.  Mailing  address:  Department  of  Biochemistry,  Boston  University  Medical 
School,  80  East  Concord  St,  Boston,  MA  02118-2394.  Phone:  (617)  638-4120.  Fax:  (617)  638- 
5339.  Electronic  mail  address:  gsonensh@acs.bu.edu. 


1 


Abstract 


Expression  of  Nuclear  Factor-KB(NF-KB)/Rel  transcription  factors  has  recently  been  found  to 
promote  cell  survival,  inhibiting  the  induction  of  apoptosis.  In  most  cells  other  than  B 
lymphocytes,  NF-KB/Rel  is  inactive,  sequestered  in  the  cytoplasm.  For  example,  nuclear  extracts 
from  two  human  untransformed  breast  epithelial  cell  lines  expressed  only  very  low  levels  of  NF- 
kB.  Unexpectedly,  nuclear  extracts  from  two  human  breast  tumor  cell  lines  displayed  significant 
levels  of  NF-kB/RcI.  Direct  inhibition  of  this  NF-xB/Rel  activity  in  breast  cancer  cells  induced 
apoptosis.  High  levels  of  NF-xB/Rel  binding  were  also  observed  in  carcinogen-induced  primary 
rat  mammary  tumors,  whereas  only  expectedly  low  levels  were  seen  in  normal  rat  mammary 
glands.  Furthermore,  multiple  human  breast  cancer  specimens  contained  significant  levels  of 
nuclear  NF-kB/RcI  subunits.  Thus,  aberrant  nuclear  expression  of  NF-xB/Rel  is  associated  with 
breast  cancer.  Given  the  role  of  NF-xB/Rel  factors  in  cell  survival,  this  aberrant  activity  may  play 
a  role  in  tumor  progression,  and  represents  a  possible  therapeutic  target  in  the  treatment  of  these 
tumors. 


Keywords:  Apoptosis/ Aromatic  hydrocarbons/7, 12-dimethylbenz(a)anthracene/  Rat 
model/Transcription  factors 
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Introduction 


The  incidence  of  breast  cancer  has  been  steadily  increasing  over  the  past  50  years,  and  is  now  one 
of  the  leading  causes  of  death  among  American  women  between  the  ages  of  40-55  (1).  In  an 
attempt  to  find  the  causes  of  this  increased  incidence,  both  genetic  and  environmental  factors  are 
being  studied.  Attention  has  recently  focused  on  the  mechanism  by  which  increased  exposure  to 
and  bioaccumulation  of  pollutants  might  have  an  etiologic  role  in  breast  cancer  (2-5).  The 
polycyclic  aromatic  hydrocarbons  (PAHs)'  such  as  7,12-dimethylbenz(a)anthracene  (DMBA)  are 
specifically  of  interest  with  respect  to  breast  cancer  (4).  The  most  proximal  event  in  PAH 
tumorigenesis  is  the  binding  of  the  chemicals  to  a  cytosolic  aromatic  hydrocarbon  receptor  (AhR) 
(6-8).  The  receptor-ligand  complex  is  translocated  to  the  nucleus  where  it  can  bind  to  and  alter 
the  transcriptional  activity  of  DNA  that  has  AhR-responsive  elements.  One  battery  of  enzymes 
whose  transcriptional  induction  is  a  hallmark  of  DMBA  and  other  PAH  exposure  is  the  Phase  I 
cytochrome  P450  enzymes  (9-12).  These  enzymes  aid  in  the  oxidative  metabolism  of  both 
endogenous  substances  such  as  steroids,  as  well  as  in  the  breakdown  of  exogenous  substances  such 
as  drugs,  chemical  carcinogens,  and  environmental  pollutants.  The  products  formed  by  this 
oxidative  metabolism  are  often  reactive  oxygen  intermediates.  The  potential  for  increased  levels  of 
oxidative  stress  within  the  cell  resultant  from  exposure  to  environmental  carcinogens  led  us  to 

*  Abbrsvicitions  ussd  in  this  papyri  AhR,  Aroin&tic  hydrocarbon  rccsptorj  BSAP,  B  cell  specific  activator  protein, 
CAT,  chloramphenicol  acetyl  transferase;  dm,  double  mutant;  DMBA,  7,12-dimethylbenz(a)anthracene;  EMSA, 
electrophoretic  mobility  shift  analysis;  GST,  glutathione-S-transferase;  IxB-a,  NF-kB/RcI  inhibitor-a,  NF-kB, 
Nuclear  Factor-xB;  PAH,  polycyclic  aromatic  hydrocarbon;  RHD,  Rel  homology  domain;  URE,  upstream  regulatory 
element. 
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hypothesize  that  this  might  activate  expression  of  the  NF-KB/Rel  family  of  transcription  factors. 

NF-KB/Rel  is  a  family  of  dimeric  transcription  factors  whose  DNA  binding  domains  have 
considerable  homology  with  an  approximately  300  amino  acid  region  of  the  v-Rel  oncoprotein  and 
was  thus  termed  the  Rel  homology  domain  (RHD)  (13-15).  Classical  NF-kB  is  a  heterodimer 
composed  of  a  50  kDa  (p50)  and  a  65  kDa  (p65  or  RelA)  subunit  (16).  Other  members  of  the 
mammalian  Rel  family  include  c-Rel,  p52,  and  RelB  (16-19).  The  activity  of  many  of  these  factors 
is  controlled  post-translationally  by  their  subcellular  localization.  In  most  cells  other  than  mature 
B  lymphocytes,  NF-xB/Rel  proteins  are  sequestered  as  inactive  forms  in  the  cytoplasm  by 
association  with  inhibitory  proteins,  termed  IkB’s,  for  which  IxB-a  represents  the  prototype  (16, 
20-22).  Activation  involves  IkB  degradation,  and  nuclear  translocation  of  the  NF-xB/Rel  protein. 
Many  signals  that  activate  NF-xB/Rel  do  so  through  a  final  common  pathway  of  increasing 
cellular  oxidative  stress  (23).  Genes  regulated  by  NF-xB/Rel  include  those  involved  in  immune 
and  inflammatory  responses,  cellular  proliferation,  and  adhesion  molecules  (16,  20,  21).  More 
recently  NF-kB/RcI  has  been  implicated  in  control  of  apoptosis.  For  example,  we  have  shown  that 
inhibition  of  constitutive  expression  of  NF-xB/Rel  in  B  cell  lymphomas  leads  to  the  induction  of 
apoptosis,  and  that  ectopic  c-Rel  expression  promotes  cell  survival  (24, 25).  Recently  we  have 
obtained  similar  data  with  two  untransformed  hepatoc3de  cell  lines,  which  express  classical  NF-kB 
constitutively  (26,27).  Activation  of  NF-icB/Rel  by  TNF-a  has  recently  been  linked  to  protection 
of  multiple  types  of  cells  from  apoptosis  (28-3 1).  Here  we  report  that  NF-xB/Rel  is  aberrantly 
activated  in  human  breast  cancer  and  in  rat  mammary  tumors  from  the  aromatic  hydrocarbon 
induced  model  of  breast  cancer.  Inhibition  of  this  activity  in  human  breast  cancer  cell  lines  leads 
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to  apoptosis.  These  results  suggest  an  important  role  for  NF-KB/Rel  in  the  pathogenesis  of  breast 
cancer  and  in  potential  treatment  modalities. 

Methods 

Cell  lines.  The  MCF7  cell  line,  the  prototype  of  estrogen-dependent  breast  cancer  cells,  was 
established  from  the  pleural  effusion  of  a  patient  with  metastatic  adenocarcinoma  (33).  The  578T 
tumor  cell  line  was  established  from  a  patient  with  infiltrating  ductal  carcinoma  and  does  not 
express  estrogen  receptors  (33);  normal  breast  tissue  from  this  same  patient  was  taken  to  establish 
the  untransformed  breast  cell  line  578Bst  (33).  The  MCF  lOF  cell  line  was  established  from 
mammary  tissue  from  a  patient  with  fibrocystic  breast  disease  and  is  also  estrogen  receptor 
negative  (34,  35). 

Electrophoretic  Mobility  Shift  Analysis.  Nuclear  extracts  for  electrophoretic  mobility  shift 
analyses  (EMSA)  were  prepared  by  the  method  of  Dignam  et  al.  (36).  URE  (5’- 
GATCCAAGTCCGGGTTTTCCCCAACC-3’;  core  sequence  is  underlined)  (37),  and  PU.l 
(GATCTACTTCTGCTTTTG,  where  the  core  element  is  underlined)  oligonucleotides  were  end 
labeled  with  large  Klenow  fragment  of  DNA  polymerase  and  p^PJdNTPs.  The  electrophoretic 
mobility  shift  assay  was  performed  using  approximately  2  ng  of  labeled  oligonucleotide  (20,000 
dpm),  5  pg  of  nuclear  extract,  5  ul  of  sample  buffer  (lOmM  HEPES,  4mM  dithiothreitol,  0.5% 
Triton  X-100,  and  2.5%  glycerol),  2.5  ug  poly  dl-dC  as  nonspecific  competitor  and  adjusted  to  100 
mM  with  KCl  in  a  final  volume  of  25  ul.  This  mixture  was  incubated  at  room  temperature  for  30 
min.  Complexes  were  resolved  in  a  4.5%  polyacrylamide  gel  using  0.5x  TBE  running  buffer  (90 
mM  Tris,  90  mM  boric  acid,  2  mM  EDTA  pH  8.0).  Specificity  of  binding  was  tested  using 
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competition  analyses  in  which  10-fold  molar  excess  of  wild  type  or  double  mutant  URE  (URE  1, 
see  below)  was  added  to  a  binding  reaction.  For  IxS-a  blocking  experiments,  1  ug  of  iKB-a-GST 

fusion  protein  was  added  to  the  reaction  after  the  30  min  incubation,  and  the  mixture  allowed  to 

0 

incubate  for  an  additional  1-2  h  at  4  C. 

Microinjection  analysis.  Exponentially  growing  578T  cells  were  plated  on  tissue  culture 
dishes.  After  24  hours,  the  medium  was  supplemented  with  20  mM  HEPES  (pH  7.3)  to  maintain 
pH  when  exposed  to  open  air.  All  cell  nuclei  in  a  defined  grid  were  microinjected  at  1.4  psi  at  a 
rate  of  approximately  20  cells  per  minute  as  described  previously  (38).  Successful  micro  injection 
was  estimated  to  occur  more  than  90%  of  the  time.  Purified  iKB-a-glutathione-S-transferase  (IkB- 
a-GST),  kindly  provided  by  U.  Siebenlist,  or  GST  protein  was  used  at  1  ug/ul.  Affinity  purified 
antibodies  to  p65  or  c-Rel,  SC  109  and  SC070,  respectively  (Santa  Cruz  Biotechnology)  were  used 
at  4  ug/ul  in  the  absence  or  presence  of  4  ug/ul  cognate  peptide.  Double-stranded  oligonucleotides 
were  microinjected  at  a  concentration  of  200  ng/pl.  Oligonucleotides  used  were:  NF-kB,  wild  type 
element  from  the  immunoglobulin  k  light  chain  enhancer  (39);  wt  URE,  see  above;  UREml  (5 
GATCCAAGTCCGCCTTriCCCCAACC-3  ’)  and  UREm2  (5’- 
GATCCAAGTCCGGGIIGGCCCCAACC-3’),  mutant  forms  of  the  URE 
kB  element  (mutated  bases  are  indicated  in  bold),  which  fail  to  bind  NF-kB  factors. 

Cells  were  stained  with  10  ug/ml  propidium  iodide  (Sigma),  0.1%  Triton  X-100,  50  ug/ml 
RNase  A  in  PBS  for  15  minutes  and  visualized  on  a  Nikon  Optiphot  Fluorescence  microscope  and 
fluorescent  images  recorded  at  200x  using  Kodak  Tmax  3200  film.  For  trypan  blue  analysis, 
cloning  rings  were  placed  over  the  microinjected  areas.  At  various  time  points  after 
microinjection,  the  supernatant  containing  cells  that  lost  adherence  during  incubation  were 
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transferred  to  a  96-weIl  plate  for  trypan  blue  analysis.  The  adherent  cells  were  removed  by 
trypsinization  and  added  to  the  same  well.  Trypan  blue  was  added  to  0.04%  and  the  plate 
incubated  at  37°C.  After  30  minutes,  the  percentage  of  positively  staining  cells  was  determined  by 
microscopic  visualization  at  lOOX  magnification  under  brightfield  illumination. 

Transfection  analysis.  578T  and  MCF7  cells  were  transfected  using  the  modified  calcium 
phosphate  procedure  of  Chen  and  Okayama  (40)  as  we  have  described  previously  (41).  The  total 
amount  of  plasmid  DNA  transfected  into  the  cells  was  adjusted  to  25  ug  using  either  pBlueScript 
or  pUC19  plasmid  DNA  where  necessary.  Results  were  normalized  to  a  TK-luciferase  construct 
and  are  presented  as  percent  of  URE2-TK-CAT  or  pi. 6  Bgl-CAT  wt  activity  (mean  +  SD),  which 
have  been  set  at  100%.  Data  shown  are  representative  of  three  independent  experiments. 

Rat  mammary  gland  and  tumor  analysis.  Virgin  female  Sprague-Dawley  rats  fed  AIN76 
diet  were  treated  according  to  a  protocol  approved  by  the  Boston  University  Institutional  Animal 
Care  and  Use  Committee.  Animals  were  given  a  single  intragastric  dose  of  15  mg/kg  DMBA  at  8 
weeks  of  age.  Tumors,  which  were  first  detected  by  palpation  after  7  weeks,  were  rapidly  removed 
at  necropsy  following  sacrifice  by  CO2  inhalation.  Normal  mammary  glands,  similarly  excised 
from  untreated  control  rats,  and  tumors  were  frozen  in  liquid  nitrogen.  Animals  were  sacrificed  16 
weeks  post  DMBA  treatment  at  24  weeks  of  age,  except  when  tumors  appeared  ulcerated.  Samples 
were  pulverized  on  dry  ice  using  a  Bessman  Tissue  Pulverizer  (Spectrum).  Frozen  tissue  powder 
was  homogenized  (0.5 g/ml)  in  TEGT/MO  buffer  [50  mM  Tris/HCl,  1  mM  EDTA,  10%  (v/v) 
glycerol,  10  mM  monothioglycerol,  10  mM  sodium  molybdate,  pH  7.4  containing  0.02%  sodium 
azide]  using  a  Polytron.  After  the  initial  burst  proteolytic  inhibitors  were  added  to  a  final 
concentration  of:  0.5  mM  PMSF,  1  ug/ml  leupeptin,  100  ug/ml  aprotinin,  10  ug/ml  pepstatin  and 
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100  ug/ml  bacitracin.  Homogenates  were  centrifuged  for  10  min  at  3,000  rpm  at  2°C.  Nuclear 
pellets  were  extracted  via  the  procedure  of  Dignam  et  al.  (36)  and  analyzed  as  described  above. 

Human  breast  cancer  specimen  analysis.  Primary  human  breast  cancer  tissue,  obtained 
with  IRB  approval,  was  frozen  in  dry  ice  and  stored  frozen  until  samples  were  processed  for 
nuclear  protein  extraction.  Nuclear  pellets  were  obtained  as  described  above  and  washed  twice 
with  TEGT/MO  buffer  and  proteins  extracted  in  TEGT/MO  buffer  plus  protease  inhibitors 
adjusted  to  0.4  M  KCl  for  45  min.  The  debris  was  removed  by  centrifugation  at  30,000  rpm  and 
the  nuclear  extract  stored  frozen.  For  immunoblot  analysis,  20-100  ug  of  protein  were  resolved  on 
a  10%  polyacrylamide  gel  and  transferred  to  a  0.45-um  pore  PVDF  membrane  (Millipore).  Blots 
were  blocked  for  one  hour  at  room  temperature  in  5%  milk  (Carnation)  in  Tris-buffered  saline 
(TBS),  then  probed  with  antibody  diluted  (1:1000)  in  5%  milk  in  TBS  for  1  hour  at  room 
temperature.  After  3  washes  in  0.5%  NP-40  in  TBS,  blots  were  incubated  in  secondary  horseradish 
peroxidase  (HRP)-conjugated  goat  anti-rabbit  antibody  at  1 : 1000  dilution  for  1  hour  at  room 
temperature.  Bands  were  visualized  by  chemiluminescence. 
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Results 


Human  breast  epithelial  tumor  cell  lines  constitutively  express  high  levels  of  functional  nuclear 
NF-KB/Rel  activity.  To  begin  to  analyze  the  role  of  NF-KB/Rel  in  regulation  of  epithelial  cell 
proliferation,  we  performed  EMSA  on  nuclear  extracts  of  untreated,  exponentially  growing  breast 
tumor  and  untransformed  breast  epithelial  cell  lines  to  assess  basal  NF-kB/RcI  binding  activity. 
The  oligonucleotide  containing  the  NF-kB  upstream  regulatory  element  (URE)  from  the  c-myc 
gene  (37)  was  employed  as  probe;  this  oligonucleotide  has  been  shown  to  bind  multiple  NF- 
xB/Rel  complexes  efficiently  (41-44).  Significant  levels  of  nuclear  NF-xB/Rel  complexes  were 
detected  in  MCF7  (32)  and  578t  (33)  human  breast  tumor  cell  lines,  but  not  in  untransformed 
MCF  lOF  (34,  35)  and  578Bst  (33)  breast  epithelial  cell  lines  (Fig.  lA).  This  finding  was 
unexpected  since  nuclear  NF-KB/Rel  is  thought  to  be  restricted  primarily  to  B  lymphocytes  (16, 
21,39).  Nuclear  extracts  from  MCF7  cells  displayed  several  complexes  that  resolved  as  a  broad 
lower  band  and  a  faint  upper  band.  The  ratio  and  intensity  of  these  two  bands  varied  with  different 
isolates  of  this  line  (compare  Figs.  1 A  and  2B,  and  data  not  shown),  which  is  known  to  change 
phenotype  in  culture.  Multiple  complexes  were  also  seen  with  nuclear  extracts  firom  578T  cells. 
Nuclear  extracts  from  the  untransformed  MCF  lOF  and  578Bst  cell  lines  displayed  only  very  low 
levels  of  NF-KB/Rel  binding,  as  expected.  The  bands  observed  with  all  cell  lines  tested  comigrated 
.with  complexes  obtained  using  nuclear  extracts  from  WEHI 23 1  B  lymphoma  cells  (data  not 
shown),  a  cell  line  known  to  express  high  levels  of  NF-xB/Rel  (37,  39,  44).  Binding  specificity  of 
these  proteins  to  URE  was  confirmed  by  successful  competition  with  10-fold  excess  unlabeled 
wild  type  oligonucleotide,  whereas  excess  unlabeled  mutant  oligonucleotide  essentially  had  no 
effect  on  binding  (Fig.  IB  and  data  not  shown). 
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Transient  transfection  analyses  were  performed  to  test  functional  Rel  activity  in  the  tumor 


lines.  The  URE2-TK-CAT  wild  type  (wt)  and  URE2-TK-CAT  double  mutant  (dm)  constructs 
have  2  copies  of  the  URE  NF-kB  binding  element  from  the  c-myc  gene  in  either  wild  type  or 
mutant  form,  respectively,  linked  to  the  heterologous  thymidine  kinase  (TK)  promoter  and  the 
chloramphenicol  acetyltransferase  reporter  gene  (CAT)  (37).  Cultures  of  578T  cells  at  70% 
confluence  were  transiently  transfected  in  duplicate  (Fig.  2A).  The  wild  type  element  vector  gave 
approximately  7-fold  higher  levels  of  activity  than  the  double  mutant;  an  average  of  9  +  2-fold 
higher  levels  of  activity  were  obtained  in  6  experiments.  A  similar  value  of  1 1  +  3 -fold  (n=  6)  was 
obtained  using  MCF7  cells.  To  further  confirm  the  observed  transactivation  was  indeed  due  to 
constitutive  NF-KB/Rel  activity,  cells  were  cotransfected  in  duplicate  with  URE2-TK-CAT  wt  and 
increasing  amounts  of  an  iKB-a  expression  vector  (45).  A  decrease  in  relative  CAT  activity  of  the 
wild  type  construct  to  that  of  the  double  mutant  vector  was  observed  upon  cotransfection  of  as 
little  as  3  ug  of  the  IxB-a  vector,  indicating  that  the  observed  activity  of  the  URE2-TK-CAT  wt 
construct  was  due  to  constitutively  functional  NF-xB/Rel  in  the  cells  (Fig  2A).  Similarly, 
cotransfection  of  MCF7  cells  was  performed  with  a  natural  promoter  construct  responsive  to  NF-k 
B,  the  c-myc  promoter/exonl  pi. 6  Bgl-CAT  construct  (46).  Increasing  concentrations  of  the  iKB-a 
expression  vector  brought  the  activity  of  the  ivild  type  construct  down  to  that  of  the  construct  with 
mutated  NF-kB  elements  (Fig.  2B).  Consistent  with  the  effects  of  the  inhibitor  in  transient 
transfection,  addition  of  iKB-a-GST  protein  to  the  binding  reactions  with  nuclear  extracts  from 
either  transformed  cell  line  abrogated  formation  of  the  upper  complexes  and  significantly  reduced 
the  level  of  the  more  rapidly  migrating  complex  (insets.  Figs.  2A  and  B).  This  finding  is  expected 
as  iKB-a  protein  has  been  shown  to  prevent  binding  via  selective. interaction  with  p65,  c-Rel  and 
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RelB  (present  in  slower  migrating  complexes);  inhibition  of  binding  of  p50  or  p52  appears  to 
require  somewhat  higher  concentrations  of  inhibitor  protein  (rev.  in  16).  Lastly,  the  specific 
activation  of  NF-icB/Rel  binding  as  opposed  to  a  general  elevation  in  B  cell  transcription  factors 
was  confirmed  by  EMSA  for  the  Ets  transcription  factor  member  PU.l,  expressed  predominantly 
in  B  lymphocytes  and  myeloid  cells  (47-49).  No  PU.l  binding  was  observed  with  nuclear  extracts 
from  the  breast  epithelial  cell  lines,  whereas  binding  of  nuclear  extracts  from  the  Burkitt 
lymphoma  Raji  B  cells  to  the  PU.l  oligonucleotide  was  easily  detected  (Fig.  1C).  Similarly,  we 
failed  to  detect  binding  of  the  B-cell-specific  activator  protein  (BSAP)  with  nuclear  extracts  from 
the  untransformed  or  transformed  breast  epithelial  lines  (50)  (data  not  shown).  Thus,  MCF7  and 
578T  breast  cancer  cells  have  selectively  activated  constitutive  nuclear  NF-KB/Rel  factors. 

Inhibition  of  the  constitutive  NF-KB/Rel  activity  in  578T  cells  induces  apoptosis.  Recently, 
we  demonstrated  that  NF-kB/RbI  rescues  immature  B  lymphoma  cells  and  hepatocj^es  from 
undergoing  apoptosis  (24-27)  and  a  similar  role  in  cell  survival  has  been  demonstrated  upon  its 
induction  following  TNF-a  treatment  of  various  cell  lines  (28-3 1).  If  the  aberrant  NF-xB/Rel 
expression  we  detect  in  breast  cancer  cells  plays  a  similar  role,  specific  inhibition  of  its  activity 
should  result  in  cell  death.  Thus,  we  used  a  microinjection  strategy  to  selectively  inhibit  NF- 
kB/RbI  expression  in  breast  cancer  cells.  Areas  of  approximately  4  mm^  were  defined  and  all 
578T  breast  cancer  cells  within  the  grid  were  microinjected  with  either  the  specific  NF-kB/RcI 
inhibitory  iKB-a-GST  fusion  protein  or  GST  protein  alone  as  control.  After  3.5  hours,  the  nuclear 
morphology  of  the  cells  was  examined  by  microscopic  observation  following  staining  with 
propidium  iodide.  Nuclear  condensation,  a  hallmark  of  apoptosis,  was  clearly  visualized  in  a  field 
of  cells  microinjected  with  IxB-a-GST  protein  (Fig.  3A,  left  bottom  panel),  but  not  with  GST 
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protein  or  in  non-injected  cells  (Fig.  3A,  top  panels).  Typical  cells  with  condensed  chromatin  after 
microinjection  of  iKB-a-GST  are  shown  in  Fig.  3 A  (right  bottom  panel).  A  marked  drop  in  cell 
density  with  time  was  noted  following  microinjection  with  iKB-a-GST  protein  but  not  control 
GST  protein,  possibly  reflective  of  the  observation  that  cells  undergoing  apoptosis  detach  and  float 
off  the  dish  surface. 

To  obtain  more  quantitative  analysis,  trypan  blue  staining  was  used  as  a  measure  of  cell 
viability  following  microinjection  with  iKB-a-GST  or  GST  protein,  as  above,  or  with  affinity 
purified  antibodies  to  either  the  p65  or  c-Rel  subunit.  We  noted  that  the  adherent  cell  density  was 
reduced  by  about  50-60%  after  injection  with  IxE-a-GST  (Fig  3  A),  whereas  only  4-5%  of  the  cell 
population  injected  with  GST  protein  alone  lost  adherence  (data  not  shown).  Therefore,  non¬ 
adherent  and  adherent  cells  were  combined  and  analyzed  for  loss  of  cell  viability  20-22  hours  after 
microinjection  (Fig.  3B).  Twenty  percent  of  the  cells  microinjected  with  iKB-a-GST  stained 
positive  for  trypan  blue,  compared  to  less  than  3%  of  cells  microinjected  with  GST  or  non- 
microinjected  cells.  Thus,  iKB-a-mediated  inhibition  of  NF-KB/Rel  caused  death  of  578T  breast 
cancer  cells  by  apoptosis.  In  a  preliminary  supershift  EMSA  analysis,  578T  cells  were  found  to 
express  significant  levels  of  p65  whereas  only  low  levels  of  c-Rel  subunits  were  detected  (data  not 
shown).  Microinjection  with  an  affinity  purified  antibody  to  p65  induced  cell  death  in 
approximately  45%  of  578T  cells  within  20-22  hrs,  which  was  inhibited  by  preincubation  of  the 
antibody  with  40-fold  molar  excess  of  its  cognate  peptide  (Fig.  3B).  In  contrast,  microinjection  of 
the  antibody  against  c-Rel  induced  only  modest  additional  loss  of  cell  viability  over  background 
levels  seen  ■with  microinjection  with  GST  protein  alone. 

To  further  evaluate  the  effects  of  specific  inhibition  of  NF-xB/Rel  activity,  we  also 
monitored  loss  of  cell  viability  after  microinjection  of  double-stranded  (ds)  oligonucleotides 
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harboring  either  wild  type  or  mutated  NF-kB  elements.  Recent  studies  have  demonstrated  that 
microinjection  of  ds  oligonucleotides  containing  a  transcription  factor  binding  site  can  compete  in 
vivo  and  inhibit  the  activity  of  the  factor  (51,  52).  Micro  injection  of  oligonucleotides  containing 
the  wild  type  element  from  the  k  light  chain  enhancer  (kB)  or  from  the  c-myc  gene  (URE)  induced 
significant  levels  of  apoptosis  within  20  hrs  (Fig.  3C).  In  contrast,  microinjection  of 
oligonucleotides  containing  two  mutations  of  the  URE  (UREml  and  UREm2)  that  prevent  binding 
of  NF-KB/Rel  factor  (41)  did  not  significantly  increase  cell  death  above  background  levels  seen 
with  uninjected  cells.  In  summary,  selective  inhibition  of  NF-icB/Rel  activity  by  these  three 
different  strategies  resulted  in  apoptosis  of  578T  breast  cancer  cells. 

DMBA-induced  rat  mammary  tumors  express  high  levels  of  nuclear  NF-KB/Rel  binding 
activity.  To  verify  that  the  observed  nuclear  expression  of  NF-kB/RcI  factor  complexes  in  the 
breast  cancer  cell  lines  was  not  the  result  of  in  vitro  cell  culturing,  we  have  extended  these 
observations  to  a  ividely  used  in  vivo  rat  model  of  breast  cancer.  Treatment  of  female  Sprague- 
Dawley  rats  with  a  single  dose  of  the  polycyclic  aromatic  hydrocarbon  DMB  A  results  in  the 
induction  of  maromary  gland  (breast)  tumors  within  7-20  weeks  (53).  These  tumors  are  generally 
well-differentiated  and  retain  their  hormonal  responsiveness.  Nuclear  extracts  were  prepared  from 
multiple  DMBA-induced  rat  mammary  tumors  and  from  normal  mammary  glands  from  untreated 
rats.as  controls.  High  levels  of  binding  to  the  URE  NF-kB  oligonucleotide,  essentially  comparable 
to  that  seen  with  WEHI 231  B  cells,  were  obtained  with  nuclear  extracts  from  86%  of  the  35  tumor 
specimens  analyzed  (Fig.  4A,  lanes  T1-T4  and  data  not  shown).  In  contrast,  no  significant  levels 
of  NF-kB/RcI  binding  were  observed  with  nuclear  extracts  from  the  normal  mammary  gland,  as 
expected  (Fig.  4A,  lanes  N1-N3  and  data  not  shown).  The  specificity  of  the  NF-KB/Rel  binding 
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was  confirmed  by  competition  with  excess  unlabelled  oligonucleotides  containing  wild  type  but 
not  mutant  NF-kB  elements  and  the  ability  of  an  antibody  against  the  p50  subunit  and  addition  of  I 


xB-a-GST  protein  to  significantly  ablate  binding  activity  (Fig.  4B).  No  binding  to  the  PU.l 
oligonucleotide  was  seen  with  nuclear  extracts  from  either  normal  mammary  gland  or  mammary 
tumors  (Fig.  4C).  These  results  indicate  that  the  observed  NF-xB/Rel  binding  is  not  due  to 
contaminating  B  cells.  Thus,  NF-xB/Rel  expression  is  selectively  induced  in  vivo  within  rat 
mammary  gland  tumors  but  is  not  present  normally  in  mammary  glands,  suggesting  a  significant 
association  between  the  activation  of  NF-xB/Rel  expression  and  mammary  tumor  formation. 

Nuclei  of  primary  human  breast  tumor  specimens  contain  NF-kB/RbI  subunits.  To 
determine  whether  NF-icB/Rel  factors  are  constitutively  expressed  in  nuclei  of  primary  human 
breast  cancer  tissue,  samples  procured  following  surgical  removal  of  breast  tumors  were  analyzed 
for  potential  NF-KB/Rel  subunit  expression  by  immunoblotting.  Nuclear  extracts  from  13  patient 
tumor  samples  were  tested  with  an  antibody  against  the  p65  subunit  (#1226  (54),  kindly  provided 
by  N.  Rice,  NCI,  Frederick  MD)  (Fig.  5A  and  data  not  shown).  Eight  tumors  had  detectable  levels 
of  a  band  that  comigrated  with  the  p65  subunit  derived  from  578T  cells.  A  second  antibody  against 
p65  (SC372,  Santa  Cruz  Biotechnology)  was  used  with  its  cognate  peptide  to  confirm  the 
specificity  of  the  positive  signal  seen  with  the  tumor  samples  (data  not  shown).  Detection  of  p65  in 
the_ nuclear  extracts  is  not  due  to  contamination  with  cytoplasmic  proteins  as  nuclear  extracts  from 
8  tumors  were  tested  and  found  negative  for  the  c}doplasmic  IxB-a  protein  (data  not  shown). 
Overall,  nuclear  extracts  from  15  of  23  specimens  displayed  positive  staining  for  p65:  8  of  13 
specimens  were  found  positive  using  the  #1226  antibody  (and  4  confirmed  with  SC372)  and  7  of 
10  specimens  were  positive  using  the  SC372  antibody  (Table  1). 
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Expression  of  the  c-Rel  subunit  was  also  assessed  by  immunoblotting  (Fig.  5B).  A  band 
that  migrated  marginally  slower  than  the  mouse  c-Rel  protein  was  detected  with  antibody  SC070 
(Santa  Cruz  Biotechnology),  which  was  competed  away  upon  addition  of  cognate  peptide  (data  not 
shown).  Of  23  specimens  tested,  20  were  found  to  contain  nuclear  c-Rel  protein  (Fig.  5B  and  data 
not  shown);  the  level  of  this  expression  was  in  many  cases  comparable  to  that  seen  in  WEHI  23 1 
cells,  which  express  very  high  levels  of  this  subunit  (37,  39).  In  addition,  nuclear  extracts  from 
tumors  contained  significant  levels  of  the  p50  subunit  (Fig.  5C  and  data  not  shown),  which  was 
shown  to  be  specific  by  successful  competition  with  cognate  peptide  (data  not  shown).  Overall,  19 
of  21  tumors  were  positive  for  this  subunit.  The  absence  of  detectable  pi  05  precursor,  as  seen  in 
the  cytoplasmic  extracts  of  WEHI  231  B  cells  (WEHI  c),  further  confirms  the  absence  of 
c)^oplasmic  contamination  of  these  nuclear  extracts  (Fig.  5C).  The  results,  summarized  in  Table  1, 
indicate  that  most  primary  human  breast  cancer  tissue  samples  express  the  transactivating  p65 
and/or  c-Rel  subunits  of  NF-kB/RcI.  Some  samples  were  negative  for  both  subunits;  however,  a 
more  complete  analysis  of  breast  tumors  for  all  of  the  NF-xB/Rel  subunits  may  reveal  the  presence 
of  additional  subunits.  Preliminary  EMSA,  which  is  more  sensitive  than  immunoblotting,  has 
confirmed  variable  levels  of  NF-kB/RcI  binding  in  multiple  human  patient  samples  (data  not 
shown).  Overall,  these  findings  indicate  that  the  nuclear  localization  of  NF-kB/RcI  expression  is  a 
characteristic  of  human  breast  tumor  cell  lines,  DMBA-induced  rat  mammary  tumors  and  primary 
human  breast  cancer  tissue. 
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Discussion 

We  have  analyzed  three  different  systems  of  breast  cancer:  in  vitro  human  breast  cancer  cell  lines, 
an  in  vivo  rat  model  of  breast  cancer,  and  human  tissue  samples  from  primary  breast  tumors.  All 
three  have  revealed  an  association  between  activated  NF-kB/RcI  and  breast  cancer.  Direct 
inhibition  of  the  functional  NF-kB/RcI  factors  expressed  in  578T  cells  by  microinjection  of  IxB-a 
protein,  an  antibody  to  the  p65  subunit,  or  ds  oligonucleotides  containing  NF-kB  elements  led  to 
induction  of  death  of  these  cells  via  apoptosis.  This  study  extends  our  recent  work  demonstrating 
that  inhibition  of  the  normal  constitutive  NF-xB/Rel  activity  in  B  cell  lymphomas  leads  to  cell 
death  (24,  25),  to  breast  cancer  where  NF-xB/Rel  has  been  aberrantly  activated.  Our  findings 
suggest  that  down-regulation  of  NF-xB/Rel  may  be  useful  in  the  treatment  of  this  disease.  Many 
antioxidants  such  as  pentoxifylline  (55)  and  N-acetyl  cysteine  (56),  which  are  already  in  clinical 
use,  have  been  found  to  repress  NF-kB/RcI  activity.  Preliminary  evidence  suggests  that  these 
agents  have  significant  inhibitory  effects  on  proliferation  of  breast  cancer  cells  in  culture 
(unpublished  observations).  Thus,  while  the  efficacy  of  a  specific  agent  may  depend  on  the  nature 
of  the  NF-kB/RcI  and  IkB  subunits  expressed,  our  studies  suggest  NF-kB/RcI  is  a  novel 
therapeutic  target  for  the  treatment  of  breast  cancer. 

There  has  been  a  steady  increase  in  the  incidence  of  breast  cancer  over  the  last  several, 
decades,  and  it  has  been  proposed  that  this  may  reflect  an  increased  exposure  to  environmental 
carcinogens  such  as  DMBA  (5,  57,  58).  Our  study  of  DMBA-induced  tumors  in  rats  shows  an 
association  between  DMBA  exposure,  breast  tumor  formation  and  activation  of  NF-kB/RcI.  It  has 
been  proposed  that  carcinogens  promote  tumor  progression  through  DNA  damage.  The  activation 
of  NF-kB/RcI  in  the  tumors,  which  would  promote  cell  survival,  suggests  an  additional  indirect 
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effect  of  this  carcinogen  on  tumor  progression.  The  mechanism  of  NF-kB/RcI  activation  by 
DMBA  remains  to  be  determined.  As  discussed  above,  however,  a  hallmark  of  DMBA  exposure  is 
an  increase  in  P450  enzyme  levels  with  a  resultant  increase  in  oxidative  stress,  which  is  known  to 
activate  NF-kB/RcI  (1 1,  23,  59). 

We  have  recently  reported  that  ectopic  expression  of  c-Rel  in  WEHI 23 1  B  cells  leads  to 
extensive  protection  from  apoptosis  induced  by  engagement  of  surface  immunoglobulin,  treatment 
with  TGF-pi,  or  addition  of  the  protease  inhibitor  TPCK  (24,  25).  Ectopic  c-Rel  expression  plays 
a  similar  role  in  protection  of  hepatocytes  from  TGF-pi -induced  cell  death  (26).  Furthermore, 
inhibition  of  endogenous  p50/p65  NF-kB  activity  within  these  hepatocytes  leads  to  cell  death  via 
apoptosis  (27).  Thus,  the  finding  that  many  of  the  breast  cancer  specimens  express  c-Rel  and  p65 
suggests  that  NF-KB/Rel  factors  play  a  similar  role  as  a  survival  gene  in  these  tumors.  The  primary 
target(s)  of  these  factors  remain  a  major  question.  Candidate  genes  include  the  known  anti- 
apoptotic  genes,  Bcl-2  and  Bc1-Xl  .  One  additional  candidate  for  target  is  the  c-myc  gene,  which  is 
extensively  regulated  through  its  two  NF-kB/RcI  elements  (42,  44, 46).  Recently,  we  have  shown 
that  ectopic  c-myc  expression  protects  against  apoptosis  of  B  cells  (60).  Interestingly,  studies  on 
patient  material  and  transgenic  mice  have  implicated  overexpression  of  the  z-myc  gene  in  the 
etiology  of  breast  cancer  (61-66).  In  human  breast  cancer,  analysis  of  tumors  shows  an  association 
between  overexpression  of  the  c-myc  gene  and  poor  prognosis,  especially  in  node-negative  patients 
(61,  62,  67,  68).  These  findings  raise  the  possibility  that  the  activation  of  c-myc  gene  by  NF-kB 
may  serve  to  promote  both  tumor  cell  protection  from  apoptosis  as  well  as  neoplastic 
transformation. 
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With  the  expanded  use  of  sensitive  mammographic  and  tissue  sample  screening 
procedures,  there  has  been  a  significant  rise  in  detection  of  potentially  premalignant  lesions.  The 
prevalence  of  benign  breast  conditions  or  fibrocystic  changes  is  estimated  at  over  85%  in  women 
in  the  U.S.  Approximately  one  third  of  U.S.  women  undergo  breast  biopsies;  the  vast  majority  of 
these  biopsies  show  benign  disease  that  are  not  associated  with  an  increased  risk  of  cancer  (69). 
The  quest  for  markers  to  positively  identify  which  of  these  lesions  will  progress  to  malignancy  is 
critical  to  help  develop  strategies  for  treatment  of  benign  breast  disease  and  to  improve  early 
detection  of  breast  cancer.  Nuclear  NF-kB/RcI  expression  is  associated  with  neoplastic  breast 
tissue  in  both  human  and  laboratory  rats.  Studies  are  underway  to  elucidate  any  association 
between  the  stages  of  neoplastic  transformation  and  expression  of  NF-kB/RbI  factors  as  markers 
of  disease. 
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Figure  legends. 

Figure  1.  Transformed  human  breast  cancer  cell  lines  constitutively  display  high  levels  of  nuclear 
NF-KB/Rel  factor  binding.  A)  Nuclear  extracts  from  transformed  MCF7  and  578T  and 
untransformed  MCF  lOF  and  578Bst  breast  epithelial  cell  lines  in  exponential  growth  were  used  in 
EMSA  analysis  v^th  URE  NF-kB  element  oligonucleotide  as  probe.  The  level  of  binding  varied 
amongst  the  several  MCF7  isolates  studied,  which  is  in  accordance  with  the  recent  inability  of 
another  group  to  detect  significant  levels  in  their  nuclear  preparations  (70).  B)  Nuclear  extracts 
from  578T  and  MCF  1  OF  cells  were  used  in  EMSA  analysis  with  the  URE  NF-kB  oligonucleotide 
as  probe  in  the  absence  (control)  or  presence  of  10-fold  molar  excess  unlabelled  wild  type  (wt)  or 
double  mutant  URE  ml  (dm)  as  competitor.  C)  EMSA  of  PU.l  binding  was  performed,  as  above. 
Nuclear  extract  from  the  Raji  Burkitt  lymphoma  B  cell  line  was  used  as  a  positive  control. 

Figure  2.  Constitutive  nuclear  NF-KB/Rel  in  transformed  breast  cancer  lines  is  functional. 

A)  578T  cells  were  transfected  in  duplicate  with  either  10  ug  of  the  UREj-TK-CAT  wt  reporter 
plasmid  in  the  absence  (bar  1)  or  presence  of  increasing  amounts  of  iKB-a  expression  vector  (3 
and  9  ug,  bars  2  and  3,  respectively),  or  with  10  ug  of  the  UREj-TK-CAT  dm  plasmid  (bar  4).  The 
total  amount  of  DNA  transfected  into  the  cells  was  adjusted  to  25  ug  using  pBlueScript  plasmid 
DNA.  Results  were  normalized  to  a  TK-luciferase  construct  and  are  presented  as  percent  of  URE,- 
TK-CAT  wt  activity  (mean  +  SD),  which  is  set  at  100%. 

Inset:  Nuclear  extracts  from  exponentially  growing  578T  cells  were  incubated  in  the  absence  (-)  or 
presence  (+)  of  1  ug  of  iKB-a-GST  protein  and  subjected  to  EMSA  analysis  using  the  URE 
oligonucleotide  as  probe. 
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B)  MCF7  cells  were  transfected  in  duplicate  with  13  ug  of  pi  .6  Bgl-CAT  wt  plasmid  in  the 
absence  (bar  1)  or  presence  of  3,  6,  or  12  ug  of  iKB-a  expression  vector  (bars  2,  3,  or  4, 
respectively).  Additionally  cells  were  transfected  with  13  ug  of  pi. 6  Bgl-CAT  dm  plasmid 
containing  two  G  to  C  conversions  in  its  two  identified  NF-kB  elements  (46)  (bar  5).  The  total 
amounts  of  DNA  transfected  into  cells  were  equalized  to  25  ug  using  pUC19  DNA.  The  data  are 
presented  relative  to  pi. 6  Bgl-CAT  wt  activity  (mean  +  SD),  which  is  set  at  100%. 

Inset:  Nuclear  extracts  from  exponentially  growing  MCF7  cells  were  incubated  in  the  absence  (-) 
or  presence  (+)  of  1  ug  of  iKB-a-GST  protein  and  subjected  to  EMSA  analysis  using  the  URE 
oligonucleotide  as  probe. 

Figure  3.  Micro  injection  of  578T  cells  with  IxB-a  protein  induces  apoptosis.  A)  Propidium  iodide 
staining  of  578T  cells  in  exponential  growth  (none),  and  3.5  hrs  after  microinjection  with  1  ug/ul 
GST  protein  alone  or  Ipg/pl  iKB-a-GST  fusion  protein.  All  cells  shown  within  these 
representative  fields  were  microinjected.  (The  left  bottom  panel  displays  a  representative  region 
of  the  full  field;  however,  since  the  numbers  of  cells  microinjected  with 

iKB-a  protein  were  greatly  reduced,  individual  clusters  of  cells  are  shown  in  the  smaller  panels.) 
B)  578T  cells  (between  76  and  141  cells  per  sample)  were  microinjected  in  duplicate  and  cells 
stained  with  trypan  blue  20-22  hours  after  microinjection  to  assess  cell  viability.  Data  are 
expressed  as  mean  +  SD  and  are  representative  of  2  experiments.  C)  578T  cells  (between  84  and 
164  cells  per  sample)  were  microinjected  in  duplicate  with  the  indicated  double  stranded  wild  type 
or  mutant  NF-kB  oligonucleotide,  and  analyzed  for  trypan  blue  staining  20  hours  after  treatment. 
Data  are  expressed  as  mean  +  SD. 
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Figure  4.  Nuclear  expression  of  NF-KB/Rel  in  primary  rat  mammary  tumors  but  not  normal 
mammary  gland.  A)  Nuclear  extracts  were  prepared  from  mammary  glands  from  three  untreated 
control  rats  (N1-N3)  or  from  mammary  tumors  from  DMBA-treated  rats  (T1-T4)  and  equal 
amounts  (5  pg)  subjected  to  EMSA  for  binding  to  the  URE  oligonucleotide,  as  described  above. 
B)  EMSA  was  performed  with  a  nuclear  extract  from  tumor  T1  in  the  absence  (control)  or 
presence  of  1  pg  iKB-a-GST  protein  (iKBa),  50x  molar  excess  unlabelled  oligonucleotide 
containing  URE  wild  type  (wt)  or  mutant  (dm)  sequences  (left  panel).  Alternatively,  the  antibody 
to  the  p50  subunit  in  the  absence  (p50)  or  presence  of  cognate  peptide  (p50  +  pep)  was  added  to 
the  binding  reaction.  C)  EMSA  was  performed  with  nuclear  extracts  described  in  part  A  with  the 
PU.l  oligonucleotide.  WEHI 231  B  cell  nuclear  extracts  were  used  as  a  positive  control. 

Figure  5.  Nuclear  expression  of  NF-kB/RcI  subunits  in  primary  human  breast  cancer  tissue. 

A)  p65:  Samples  of  nuclear  extracts  from  multiple  tumor  specimens  (100  ug/lane)  were  analyzed 
using  the  anti-p65  antibody  #1226  (54).  B)  c-Rel:  Immunoblot  analysis  was  performed  on  nuclear 
extracts  (50  pg/sample)  using  an  antibody  against  c-Rel  protein  (SC070,  Santa  Cruz 
Biotechnology  Co.).  C)  p50:  Immunoblot  analysis  was  performed  on  nuclear  extracts  (50 
pg/sample)  using  an  antibody  against  p50  protein  (SCI  14,  Santa  Cruz  Biotechnology  Co.).  Patient 
samples  are  indicated  by  four  digit  numbers.  As  controls  for  detection,  a  nuclear  extract  from 
exponentially  growing  578T  cells  (20  ug)  was  used  in  panel  A,  and  nuclear  (n)  or  cytoplasmic  (c) 
extracts  (50  ug)  from  WEHI  23 1  murine  B  cells  (WEHI)  were  used  in  panels  B  and  C, 
respectively. 
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Table  1.  Immunoblot  analysis  of  nuclear 
NF-kB/RgI  subunit  expression  in  human 
breast  cancer  tissues. 
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